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ABSTRACT

We report on the first ten identifications of sources seretuliply detected by th&luclear Spectroscopic
Telescope Array (NUSTARY provide the first sensitive census of the cosmic X-ray gemknd (CXB)
source population ak 10 keV. We find that thesbluSTARdetected sources are 100 times fainter than
those previously detected at 10 keV and have a broad range in redshift and luminosity (0.020—
2.923 andlLig_sokev ~ 4 x 10°-5x 10*® erg s'1); the median redshift and luminosity are~ 0.7 and
L1o_4okev~ 3 x 10* erg s'1, respectively. We characterize these sources on the bidsisad-bands 0.5—
32 keV spectroscopy, optical spectroscopy, and broad-blradiolet-to-mid-infrared SED analyzes. We find
that the dominant source population is quasars With soxev > 10** erg s'1, of which ~ 50% are obscured
with Ny 2 10°? cm~2. However, none of the teNuSTARsources are Compton thicklg 2 10°* cm~2) and
we place a 90% confidence upper limit on the fraction of Comytick quasarsl(ip_sokev > 10** erg s
selected atz, 10 keV of < 33% over the redshift range= 0.5-1.1. We jointly fitted the rest-frame 10—
40 keV data for all of the non-beamed sources With_soxev > 10*2 erg s 1 to constrain the average strength
of reflection; we findR < 1.4 for ' = 1.8, broadly consistent with that found for local AGNs obseirnas
2,10 keV. We also constrain the host galaxy masses and find samsetéllar mass of 10t M, a factor

~ 5 times higher than the median stellar mass of nearby highggrselected AGNs, which may be at least
partially driven by the order of magnitude higher X-ray lumsities of theNuSTARsources. Within the low
source-statistic limitations of our study, our resultsgesy that the overall properties of theiSTARsources
are broadly similar to those of nearby high-energy seleat@ds but scaled up in luminosity and mass.

Subject headinggjalaxies: active — galaxies: high-redshift — infrared:ay@és — X-rays
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1. INTRODUCTION side at the centers of galaxies (see Brandt & Hasinger 2005;
The cosmic X-ray background (CXB) was first discovered Brandt & Alexander 2010 for reviews). A key goal of high-
in the early 1960’s (Giacconi et al. 1962), several yearsieef energy astrophysics is to determine the detailed compasiti

the detection of the cosmic microwave background (CMB: of the CXB in order to understand the evolution of AGNSs.

Penzias & Wilson 1965). However, unlike the CMB, which , Huge strides in revealing the composition of the CXB have
is truly diffuse in origin, the CXB is dominated by the emis- been made over the past decade, with sensitive surveys-under

sion from high-energy distant point sources: Active Gadact taken by theChandraand XMM-Newtonobservatories (e.g.,
Nuclei (AGNs), the sites of intense black-hole growth tfeat r Alexander et al. 2003a; Hasinger et al. 2007; Brunner et al.
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2008; Luo et al. 2008; Comastri et al. 2011; Xue et al. 2011). 2.1. The NUSTAR serendipitous survey

These surveys are so deep that they have resolvetd- The NuSTARserendipitous survey is the largest-area com-
90% of the CXB at energies ot 0.5-8 keV (e.g., Worsley  yonent of the NUSTARextragalactic survey programme.
etal. 2005, Hickox & Markevitch 2006; Lehmer et al. 2012; The serendipitous survey is built up froNUSTARdetected
Xue et al. 2012), revealing a plethora of obscured and unob-gq;rces in the fields duSTARargets, similar in principle to
scured AGNs outta~ 5-6. However, although revolution-  yhe serendipitous surveys undertaken in the fieldStaindra
ary, Chandraand XMM-Newtonare only sensitive to sources 5,4 xMM-Newtonsources (e.g., Harrison et al. 2003; Kim
detected atv 0.5-10 keV, far from the peak of the CXB at ot 51 2004; Watson et al. 2009). A major component of the

~ 20-30 keV (e.g., Frontera et al. 2007; Ajello et al. 2008; \sTARserendipitous survey are 15-20 ks observations of

Moretti etal. 2009; Ballantyne etal. 2011). Until recenthe oo SwiftBAT identified AGNs, which provide both high-
most powerful observatories with sensitivity=at20-30 keV quality high-energy constraints of local AGNs aa@—3 deg

have only resolved: 1-2% of the CXB atthese energies (€.9., of areal covera Py

. o i o> ge to search for serendipitous sources. How-
Krivonos et al. 2007; Ajello etal. 2008, 2012; Bottacini Bta  oyer the serendipitous survey is not restricted to thetgsfie
2012) and therefore provide a limited view of the dominant 5 theNuSTARbbservations of targets not in the E-CDF-S
souace poFuIat|oqs (e.g. S_azonlov & Revnivisev 2004; Mark- cosvos, and Galactic-plane surveys are used to search for
wardt et al. 2005; Bassani et al. 2006; Treister, Urry, & Vi- gerendipitousNuSTARSources; the exposures for these tar-
rani 2009; Bird et al. 2010; Tueller et al. 2010; Burlon et al. gets are also often substantially deeper tharNthSTARb-
2011). breakth hi ing th K of th . servations of theSwiftBAT AGNs (up-to on-axis exposures
hA grelat reakthrough in re?o ving the peak o téengB IS 0f 177.1 ks in the current paper). The expected areal coeerag
the Nuclear Spectroscopic Telescope Array (NuSTBBEr- ot the NuSTARSerendipitous survey in the first two years is
vatory.NuSTARvas success]‘l_JIIy launched on June 13th 2012 3 4 deg.
and is the first- 10 keV orbiting observatory with focusing ygjng theNuSTARdata processing and source detection
optics (Harrison et al. 2013NUSTARS focusing Optics pro- — ghnraach outlined below, at the time of writing we have
vide a~ 1 order of magnitude improvement in angular reso- ggrendipitously detectedt 50 sources in the fields ¢ 70
lution and a~ 2 orders of magnitude improvement in sensi- \,STARargefs. Here we present the properties of the first
tivity over previous-generation 10 keV observatories, arev- o spectroscopically identified sources; see Table 1. hes

olutionary leap forward in performance. One of the primary gy gources were selected fraduSTARobservations taken
objectives 0oNUSTARS to complete a sensitive extragalactic 5 ntil January 31st 2013. The selection of these sources fo

survey and identify the source populations that produce thespectroscopic follow-up observations was based on thsiir vi
peak of the CXB. bility to ground-based telescopes and they should thezéfer

The NuSTARextragalactic survey is comprised of three tative of th Il high- ti
components (see Table 6 of Harrison et al. 2013): a deeprepresen ative of the overall high-energy source pogariat

small-area survey in the ExtendétiandraDeep Field-South 2.1.1. Data processing and source searching
(E-CDF-S; Lehmer et al. 2005) field, a medium wider-area The Level 1 data products were processed with NioS-

survey in the Cosmic Evolution Survey (COSMOS; Scov- pap pata Analysis Software (NUSTARDAS) package (V.
llle et al. 2007) field, and a large area (typically shallow) 4 g o)™ Event files (level 2 data products) were produced,
_Sl_eArlg?;r'pggusnilurg.eny Ciggusde'f(zég;hgeﬂﬂqs d(,)Af\C;)l?lleslr-\ calibrated, and cleaned using standard filtering critefita w
, gets, includings wi ! M ST thenupi pel i ne task and the latest calibration files avail-
this paper we report on the first ten spectroscopically iden- e in theNuSTARCALDB. The NuSTARobservations of
tified sources in théluSTARserendipitous survey. B2 we o Gominga field were comprised of 15 separate exposures,
present th&luSTARbservations of the serendipitous sources, which we combined uSingIMAGE v4.5.1% the otherNuS
the multi-wavelength data, and the details of our data pro- . S 3
cessing gpprolaches, lﬁﬁ Whe ddescr_ibe our analysis of the TA\X/?gfgé\ﬂ?;té%ngjgﬁ)ig\e/dgrgw\/er:nlgnggfﬁle(\e/xiﬁ?;;é?us-
;(ng :r? d I%g t\;\éviﬁlﬁ]rég;ur gé%'c;mi;vfspﬁzegé (;)ﬂl;r:re- ing bmcopry from the Chandralnteractive Analysis Obser-
71 kr’n s1Mpc L, Qyu = 0.27 andQs — 0 73' throughout vations €1A0) software (v4.4; Fruscione et al. 2006) for both
M= A= ' NuSTARFPMs? We also produced exposure maps in each
energy band for both FPMs, which take account of the fall in
2. NUSTAR OBSERVATIONS AND MULTI-WAVELENGTH DATA the effective area of the mirrors with off-axis angle and are
NUSTARS the first high-energy: 10 keV) orbiting obser- n_ormal_ls;ad to the effective exposure of a source locatdueat t
\3/at70£ykw\|}r2|:ocqsmg opt;czgygwhstaAggable enefrgy range O@Iryvepoégérched for serendipitous sources in all of the six
—79 ke arrison et al. u onsists of two co- . - ;
aligned X-ray telescopes (focal length of 10.14 m) which fo- m%%eEsTé"CeTﬂ (lt:r;:etrwaerf :j[nglr ay 2%%2‘;3\,\;%: Zﬁcmiggl\ggﬂ;ﬁng
cus X-ray photons onto two independent shielded focal plane ositive probabilit threshold. of 1® and wavelet scales of
Eg&ules (I_:PMsf),4r(gngre$ 0 Egre adeEMAaaan 'ig'\]{-leEaChg 5.66 g 11.31 ){and 16 pixels. To be considered a reliable
consists o nTe chips and has ie 1 9-0W Oy LH9 X L .
of view at 10 keV: the pixel sizepis”216. The focuéing optics NuSTARsource we require a detection to satisfy at least one of
provideNuSTAR/\;ith a~ 1 order oi‘ magnitude improvement two criteria: (1) to be detected in at least one of the three im
in angular resolution over previous observatories a0 keV; gﬂgsol}otrhtéottﬁrzg 'ivr!r?aagg iFnPe':ASnOr|ézég)ngigfigcﬁg%naﬁtc:\?v?ﬁ
the full-width half maximum (FWHM) of the point-spread X tg ¢ % tectod dra Swift
function (PSF) is~ 18’ and the half-power diameteris58"”. energy X-ray counterpart (e.g., detected®yandra Swi
The absolute astrometric accuracyMfiSTARs 5" (90% . : .
confidence) for bright X-ray sources and the spectral resolu eais aians o 9ste-nasa govidocsixanaduiximagsfe-ntml for
tion is~ 0.4 keV (FWHM) at 10 keV. 2 Se€ hitp:/icxc.harvard.edu/ciao/index.Ftml for detaflsiAo.
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XRT, or XMM-Newton. Following§3.4.1 of Alexander et al. To provide the most accuraluSTARsource positions and
(2003a), we also rawAVDETECT at a false-positive probabil-  assist in source matching, we calculated a counts-weighted
ity threshold of 104 to search the six images (i.e., the three source position. This is determined from the 3-24 keV net
energy bands for each FPM) for lower significance counter- counts and the 3-24 keV source position in each FPM. If a
parts of sources already detected at a false-positive pilitipa ~ source is only detected in one FPM at 3—-24 keV then the po-

threshold of 10° in any of the three energy bands. sition of the source in that FPM is uséd.

See Tables 1-2 for the details of the X-ray data for the
first 10 spectroscopically identified serendipitoNaSTAR 2.1.5. Extraction of the X-ray spectral products
sources. All of theNuSTARsources are detected at8 keV We extracted theNuSTAR data to be used in the

in at least one FPM. X-ray spectral fitting analyzes. = ThéNuSTAR data

2.1.2. Source photometry were extracted using theNuSTARdeveloped software
nuproducts. nuproducts extracts source and back-

We measured the number of counts for/ each source at 3-ground spectra and produces the RMF and ARF required to

24, 3-8, and 8-24 keV using either a'3@5’, or 60" radius  fit the X-ray data; the source and background spectra were

circular aperture centered on the 3-24 keWVDETECT po-  extracted from each FPM using the same-sized apertures and
sition for each FPM; the encircled energy fractions of these regions as those adopted for the source photometry.
apertures arex 0.50, ~ 0.66, and~ 0.77 of the full PSF, For the serendipitous source in the Geminga field (NuS-

respectively, for a source at the aim point. The choice of-ape TAR J063358+1742.4) we combined the source and back-
ture is dictated by the brightness of the source and how closeground spectrum from each of the 15 observationsj2ee1)

it lies to another source; see Table 2 for the adopted aper+o produce a total source and background spectrum. We also
ture of each source. These measurements provide the grossroduced an average ARF file for NUSTAR J063358+1742.4
source counts, which we correct for background counts te pro by combining the individual ARF files, weighted by the expo-

vide the net source counts. To obtain a good sampling of thesure time for each ARF, and we used the RMF produced from
background counts while minimising the contribution to the the first observation when fitting the X-ray data.

background from the source counts, we measured the back-

ground in source-free regions using at least four circyjara 2.2. Lower-energy X-ray data
tures of 43 or 60’ radius at least 90from the source. The
gross source counts are corrected for the background dounts
give the net source counts, rescaling for the differentssife
the source and background regions. Errors on the net sourc
counts are determined as the square root of the gross sourc,
counts. Upper limits are calculated when a source is not de-
tected in one of the six images or if the net counts are less tha
the 1o uncertainty; 30 upper limits are calculated as 3 times
the square root of the gross source counts. See Table 2 for th
source photometry.

To extend the X-ray spectral fitting constraints and assist i
the identification of optical counterparts, we searched<for

0 keV counterparts for eadtiuSTARdetected source using
éhandra SwiftXRT, andXMM-Newtonobservations. Since

e NuSTARserendipitous programme targets fields contain-
ing well-known Galactic and extragalactic targets, thdy al
have lower-energy X-ray coverage. However, the only lower-
nergy X-ray data available in the IC 751 field is a short
~ 2.3 ks) SwiftXRT observation in which the serendipi-

tousNuSTARsource is detected with only 10 counts by XRT,
which is insufficient to provide usefut 10 keV constraints.

2:1.3. Source fluxes. For all of the otheNuSTARsources there are good-quality

The source fluxes are calculated using the net count rates- 10 keV data and, in some cases, there was more than one
(i.e., the net counts divided by the source exposure time)opservation available. When selecting suitable lowergne
and the measured X-ray spectral slope, following a pro@dur gata we preferentially chose contemporaneous obsergation
analogous to that used in tihandradeep field surveys (e.g., (j.e., observations taken withis 1 week of theNuSTARbb-
Brandt et al. 2001; Alexander et al. 2003a). The X-ray spec- servations), which was the case for three sources in our sam-
tral slope is determined from the band ratio, which we define ple (NUSTAR J032459-0256.1; NuSTAR J121027+3929.1;
here as the 8-24 keV/3-8 keV count-rate ratio. To convertNySTAR J183443+3237.8). In the absence of contempora-
the band ratio into an X-ray spectral slope we USSPEC  negus observations we used existing lower-energy dataewher
v12.7.1d (Arnaud 1996) and the Response Matrix File (RMF) the 3-8 keV flux agreed to within a factor of two of the 3—

and Ancillary Response File (ARF) of the detecdSTAR g keV flux measured from tHeuSTARlata; se§2.3 for more
sources; we produced the RMF and ARF followigigy1.5. details.

We also usedksPeC and the RMF and ARF to determine

the relationship between count rate, X-ray spectral slape, 221 Chandra, Swift-XRT, and XMM-Newton observations

source flux in each of the three energy bands: 3—-24 keV, 3— . .

8 keV, and 8-24 keV. We calculated the source fluxes in the 1he archival Chandra observations are —analyzed

three energy bands using the observed count rate and the dé!Sing CIAO. The data were reprocessed using the

rived X-ray spectral slope; for the faiNuSTARsources with ~ chandra.repro pipeline to create the new level 2

< 100 net counts summed over the two FPMs, we set the€Vent file, and theChandrasource spectra were extracted

X-ray spectral slope t6 — 1.8, consistent with the average [TOM & circular region with a radius of 5'-10". The

X-ray spectral slope of the overall sample ($de3). The background spectra were extracted from several souree-fre
1 0,

source fluxes in each band were then corrected to the 100% 5\ .\ oo e from the counts-weighthiS-

enCirdEd'energy fraction of the PSF and averaged over the1'AR source position, adjusted to an appropriate level of pi@tighased

two FPMs. on the NuSTARpositional accuracy), using the International Astronomi-
cal Union (IAU) approved naming convention fBluSTARsources: NuS-
2.1.4. Source positions TAR JHHMMSSEDDMM.m, where mis the truncated fraction of an arcmin
in declination for the arcseconds component.
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FIG. 1.— Comparison of the measured fluxes in the 3-8 keV band be-
tweenNuSTARand lower-energy X-ray observation€handra SwiftXRT,
or XMM-Newton); see Table 1 for details of the data used for each source.
The filled circles indicate sources where the lower-enefggeovations were
obtained< 1 week of the date of thBluSTARbbservations and the unfilled
circles indicate sources where the lower-energy obsenstivere obtained
> 1 week of the date of thBluSTARobservations. The solid line indicates
agreement between the fluxes while the dotted lines indéetor of two
disagreement between the fluxes.

regions ofx 40" radius, selected at different positions around
the source to account for local background variations.

The Swift XRT data are reduced using the HEAsoft (v.6.12)
pipelinexrt pi pel i ne, which cleans the event files using
appropriate calibration files and extracts the spectra and a
cillary files for a given source positighthe source extraction
regions had radii of 20”. Since the background in tfgwift
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multi-wavelength images; the latter approach is requiced f
faint counterparts or for recent data not yet reported itiroa-
source catalogs. The A®earch radius is motivated by the
absolute astrometric accuracy NiSTAR5", 90% confi-
dence, for bright X-ray sources; Harrison et al. 2013) aed th
low count rates for the majority of our sources.

A lower-energy X-ray counterpart is found within’1ér
each of theNuSTARsources; see Table 2. To provide further
confidence that the X-ray source is the correct lower-energy
counterpart to th&luSTARsource, we compared the 3-8 keV
fluxes of the lower-energy source and ¥eSTARsource. We
selected and extracted the lower-energy X-ray data foligwi
§2.2 and we calculated the 3-8 keV fluxes using a power-law
model inxsPeEc(the model component BOwWin XSPEQ); see
Table 1 for details of the low-energy X-ray data selected for
each source. The average source flux was calculated for the
XMM-Newtondata when multiple detectors were used (i.e.,
PN, MOS 1 and MOS 2). In Fig. 1 we compare the 3-8 keV
fluxes from the lower-energy X-ray data to the 3-8 keV flux
from theNuSTARdata. In all cases the fluxes agree within a
factor of two, demonstrating that we have selected the cbrre
lower-energy X-ray counterpart.

An optical counterpart is also found within 1®f each
NuSTARsource; see Table 3. Given the larger intrinsic un-
certainty in theNuSTARsource position when compared to
the lower-energy X-ray source position, we also measured
the distance between the lower-energy X-ray source pasitio
and the optical position. An optical counterpart is found
within 3’ (and the majority lie within 1) of the lower-
energy X-ray source position for all of the sources. See
Fig. 2 for example multi-wavelength cut-out images of NuS-
TAR J183443+3237.8in the 3C 382 field.

2.4. Ultraviolet—radio data

To further characterize the properties of thaiSTAR
sources we used ultraviolet (UV) to mid-infrared (MIR) data
Table 3 presents the broad-band UV-MIR photometric prop-
erties of theNuSTARsources, primarily obtained from exist-

XRT observations is very low, no background spectra wereing, publicly available all-sky or large-area surveys|imting

extracted.

For theXMM-NewtonEPIC data we used the Pipeline Pro-
cessing System (PPS) products, which are a collectionof sta
dard processed high-quality products generated by theegurv
Science Center (SSC). For our analysis we usedsttience
Analysis Softwar¢SAS v.12.0.1), released in June 2C1Af-
ter filtering the event files for high background intervalg w
extracted the source spectra from a circular region with a ra

the Galaxy Evolution Explore(GALEX Martin et al. 2005),
the Digitised Sky Survey (DSS; Minkowski & Abell 1963;
Hambly et al. 2001), the Sloan Digital Sky Survey (SDSS;
York et al. 2000), the Two-Micron All-Sky Survey (2MASS;
Skrutskie et al. 2006), and th¥ide-Field Infrared Survey Ex-
plorer (WISE Wright et al. 2010). The source photometry is
provided in its native format for all of the sources. The DSS
data, provided for sources outside of the SDSS, were olataine

dius of ~ 20". The corresponding background spectra have from the SuperCOSMOS scans of the photographic Schmidt

been extracted using circular source-free regions in ttie-vi
ity of the corresponding source:(30’—60" radius regions).
Using the SAS taskisnf gen andar f gen we also produced

plates (Hambly et al. 2001). As recommended by the Super-
COSMOS Sky Survey, all photometric uncertainties are set to
0.30 mag for those measurements. Where publicly available,

the response matrices for each source in each of the thregve also provideSpitzerphotometry from the Infrared Array

EPIC cameras separately (pn, MOS1, and MOS2).

2.3. Counterpart matching

To provide reliable source identification we matched the
NuSTARsources to the: 10 keV and multi-wavelength data;
see§2.2,52.4, and Table 3 for the description of the data. We
searched for multi-wavelength counterparts withiff d0the

Camera (IRAC; Fazio et al. 2004), obtained from the post-
basic calibrated data (PBCD) products. To avoid the effects
of source confusion, photometry was measured'ih i2dius
apertures on the!® per pixel re-sampled PBCD mosaics,
and then corrected to total flux density using aperture cerre
tions from the IRAC Instrument Handbook (v.2.0%2)Sev-
eral sources were observed during the post-cryogéfaion

NuSTARsource positions using on-line source catalogs andSpitzemphase, and thus only the two shorter wavelength band-

4 See| hitp://heasarc.gsfc.nasa.gov/docs/softwarefifiédsr details of
HEAsoft.

5 See http://xmm.esa.int/sas/ for details of the SAS sofiwar

passes fronspitzerIRAC are available.

6 See| http:/irsa.ipac.caltech.edu/data/SPITZER/dead/ifor details of
SpitzerIRAC.
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NUSTAR FPMA NuSTAR FPMB Swift XRT

DSS B-band

FiGc. 2.— Example multi-wavelength cut-out images to demotestsmme of the quality of the multi-wavelength data. The cbghown here is NuS-
TAR J183443+3237.8 in the 3C 382 field, a faMuSTARsource. The images are (from top left to bottom righttSTAR3—24 keV FPMANUSTAR3-24 keV
FPMB, SwiftXRT 0.5-10 keV, DS®-band, WISE band 1 (W1; 34m), and WISE band 3 (W3; 12m); theNuSTARmages have been smoothed with a 6-pixel
(148) Gaussian. The circle has a radius of 20d is centered on tHéuSTARsource position.

In several cases we used photometry from different sourcesslope ofa = 0.8). With the exception of NUSTAR J011042-
which we list below. For NUSTAR J063358+1742.4 we re- 4604.2, all of the other sources had at least NVSS coverage
port aJ-band non-detection, which is measured from 1.56 ks but none were detected. The rest-frame luminosity denpity u
of dithered observations obtained with the Florida Infdare per limits ranged fronh; 4gHz < 1.8 x 102°W Hz 1 (for NuS-
Imaging Multi-object Spectrograph (FLAMINGOS) on the TAR J032459-0256.1) th; 4gHz < 4.3 x 1074 W Hz 1 (for
Kitt Peak 2.1 m telescope. The data were obtained on UTNuUSTAR J115746+6004.9), with the majority of the sources
2012 October 17 in photometric but'@ seeing conditions,  having upper limits of 1 4gH, < 10731074 W Hz 1.
and the 3o upper limit was calculated in a’2adius aper-
ture; see Table 3 for more details. For NUSTAR J145856- 2.5. Optical spectroscopy
3135.5 we report thB-band magnitude from Caccianigaetal. 14 of the ten serendipitous sources have existing optical
(2008). For NUSTAR J181428+3410.8 the optical photome- g ctroscopy: NUSTAR J121027+3929.1 has been previously
try comes from imaging reported in Eisenhardt et al. (2012), jjentified as a BL Lac at — 0.615 (MS 1207.9+3945; e.g.,
calibrated to the SDSS. ThéISEL2pm photometry for NUS-  gyqcke et al. 1985; Gioia et al. 1990; Morris et al. 1991) whil
TAR J181428+3410.8 was measured directly from the imagesy,STaR J145856-3135.5 has been previously identified as a
as this source does not appear in WESEAII-Sky Catalog; broad-line AGN (BLAGN) atz = 1.045 (2XMM J145857.0-
we do not provide the shorter wavelengMSE photome- 373534 Caccianiga et al. 2008). For the other eight sependi
try for this source as it is superceded Warm Spitzeob- 4,5 NuUSTARsources we obtained optical spectroscopy at
servations. For NUSTAR J183443+3237.8 we obtailBeB,  {he palomar, Keck, and Gemini-South telescopes. Table 3
andl band observations using the ,F,’a'omaf 60-inch telescope,resents basic information about the observations, iftuud
'Eifr?é))w%r; L?J’-(I; Ozgliﬁ ’(\a/l;éﬁhbgﬁcjlmrgpesaetgg%mgg E’:;%‘;vari?h 6i[ahe instrument and UT date of the observations and in the Ap-

) ' . “pendix we provide specific details for each observation. We
60" dither. NUSTAR J183443+3237.8 was well detected in 1 ocassed all of the optical spectroscopic data using atand

all three bz_;m/ds and the reported photometry in Table 3 Wasighniques, and flux calibrated the spectra using stantisd s
measured in4diameter apertures, which has been corrected gpsarved on the same nights.

for PSF losses. : . . .
. . The optical spectra for the eight newly identifiStiISTAR
We also searched for radio counterparts in the NVSS andggrees are shown in Fig. 3. Clear multiple broad and/or

FIRST VLA surveys (Becker et /‘?‘I' 1995; Condon et al. narrow emission lines are detected in six sources, showing
1998), using a search radius of"3@nd 19, respectively.  na¢ the redshift identifications are reliable. Howevee th

NUSTAR J121027+3929.1 was detected in both surveys andyptica| counterparts for NUSTAR J115746+6004.9 and NuS-
has a flux offisgnz = 187£0.7 mJy (in the NVSS sur- 1R j0g3358+1742.4 are comparatively faint and the opti-
vey), which correspands to a rest-frame |luminosity density ¢4 specira are therefore of lower quality when compared to
of Ly aghz = 2.2 x 10°* W Hz * (calculated following Equa-  the gptical spectra of the other serendipitous sources.- NuS
tion 2 of Alexander et al. 2003b and assuming a radio spectral—l—AR J115746+6004.9 has narrow, spatially extendediLy
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FiG. 3.— Optical spectra for the eight newly identified sereitdigs NuSTARsources; the optical spectra of the other two sources (N&SITR1027+3929.1
and NuSTAR J145856-3135.5) have been previously presantédrris et al. (1991) and Caccianiga et al. (2008). The pnemt emission and absorption lines
are indicated; se§2.5.
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emission as well as somewhat broadendd [Gmission in- law model to measure both the rest-frame 10-40 keV spectral
dicatingz = 2.923; spatially extended Ly emission is often  slope ("10_40kev) @and luminosity L109_40kev); given the red-
found to be associated with powerful AGNs (e.g., Reuland shift of NUSTAR J115746+6004.2 € 2.923) we fitted to the
et al. 2003; Geach et al. 2009; Yang et al. 2009). The redshiftrest-frame 15-60 keV data. See Table 4.
of NUSTAR J063358+1742.4 is less certain due to the identi- To provide direct measurements on the presence of ab-
fication of a single narrow emission line, which is more likel  sorption we jointly fitted an absorbed power-law model (the
tobe [Qll]atz=0.891 than Lya due to the rising optical con- model components arVABS* POW in XSPEQ to both the
tinuum and lack of a strong Ly forest decrement (as would NuSTARand lower-energy X-ray data for each soufcEor
be expected had the source beemz at 4.8); the identifica-  five of the sources we fitted the 0.5-32 keV data (for NuS-
tion of two absorption features at the wavelengths expectedTAR J121027+3929.1 we fitted the 0.5-50 keV data, given
for Ca H+K provide additional confidence fare= 0.891. We the good photon statistics of this source), jointly fittihg -
consider all of the redshifts to be reliable. ray spectral slope and absorbing column density for both of
The two NuSTARsources with existing optical spec- the NUSTARFPMs and the lower-energy X-ray data. How-
troscopy (NUSTAR J121027+3929.1; NuSTAR J145856- ever, for NUSTAR J115912+4232.6 no good-quality low-
3135.5) have optical magnitudes consistent with the eightenergy X-ray data exist and we therefore only fitted the
newly identifiedNuSTARsources and meet our basic require- NuSTARdata, while for the remaining three sources (NuS-
ment for inclusion in this paper (i.e., sources identified in TAR J115746+6004.9, NuSTAR J145856-3135.5, and NuS-
NuSTARbbservations taken up until January 31st 2013); we TAR J181428+3410.8) the photon statistics of MeSTAR
note that several of the other 40 serendipitously detected data were too poor to provide reliable constraints on oth
NuSTARsources also have existing optical spectroscopy butandNy, and we therefore fitted the absorbed power-law model
have been identified in more recéMiiSTARObservations and  to just the lower-energy X-ray data. The best-fitting model p
so are not included in this paper. We therefore believe thatrameters are given in Table 4.
the inclusion of these twbluSTARsources does not bias our

overallNUSTARsample. 3.2. UItravioIet—mid—infrari_(zt_spectral energy distribution
ittin
3. DATA ANALYSIS . ) g. . .
| fitt To constrain the relative contributions from AGN activity
3.1. X-ray spectral fitting and the host galaxy to the UV-MIR data we fitted the broad-

To interpret the X-ray data and provide insight into the in- band UV-MIR spectral energy distributions (SEDs) using the
trinsic AGN properties of the serendipitodsISTARsources  0.03—-30um empirical low-resolution templates for AGN and
(e.g.,I andNy) we fitted the X-ray data using physically mo- galaxies of Assef et al. (2010). Each SED is modelled as the

tivated AGN models. We extracted theiSTARdata follow- best-fit non-negative combination of three galaxy temglate
ing §2.1.5 and the lower-energy X-ray data followig@}2.1. and an AGN template. The reddening of the AGN template,
For the three sources witly 200 counts in eactNuS- parameterized bl (B —V), is a free parameter in the fit. The

TAR FPM at 3-24 keV (NuSTAR J011042-4604.2, NuS- errors on the parameters were calculated using a Monte-Carl
TAR J115912+4232.6, and NuSTAR J121027+3929.1; seemethod, where the photometry is resampled 1000 times ac-
Table 2), we grouped thBuSTARdata into bins of at least cording to the photometric uncertainties and the SED fits and
40 counts per bin and usgd statistics to find the best-fitting  parameters are re-calculated; the errors refer to the atdnd
model parameter solutions. However, tNeSTARphoton deviation for all of the realizations. Since the templatageh
statistics were too poor to allow fo statistics for the other  been empirically defined using AGNs with similar X-ray lu-
seven sources, and for the X-ray spectral analyzes of theseninosities and redshifts at tiduSTARsources, we do not
sources we fitted the unbinned X-ray data usingfstatistic expect there to be significant systematic uncertaintiehen t
(Cash 1979). The-statistic is calculated on unbinned data best-fitting model solutions; the efficacy of the SED-fitting
and is therefore ideally suited to low-count sources (e.g.,approach will be further explored in S. M. Chung et al. (in
Nousek & Shue 1989). However, since the data need toprep.). We refer the reader to Assef et al. (2008, 2010, 2013)
be fitted without the background subtracted, it is essentialfor further details.

to accurately characterize the background and use that as a In Fig. 5 we present the UV—-MIR SEDs and best-fitting so-
fixed model component in the X-ray spectral fitting of the lutions and in Table 3 we provide the following best-fitting
source spectrum. We characterized the background by fit-parametersa (the fractional contribution to the overall emis-
ting the background regions using a double power-law modelsion from the AGN component over 0.1-ffh; Assef et al.
(the model components arOW*POW in XSPEQ. The pho- 2013),E(B—V) (the dust reddening of the AGN component),
ton statistics were also often poor for the lower-energya}(-r  Lgm (the luminosity of the AGN component at rest-frame
data & 200 counts) and we therefore typically fitted the un- 6 pm), andM., (the stellar mass of the host galaxy). The stel-
binned< 10 keV data using th€-statistic with the measured lar mass is calculated from the absolute magnitude of thie ste
background as a fixed component. In Fig. 4 we show exam-lar component using the color-magnitude calibration ofl Bel
ple NuSTARspectra for two of the brighteBluSTARsources: et al. (2003). Three of thluSTARsources have photometric
NuSTAR J115912+4232.6 and NuSTAR J121027+3929.1;measurements ig 5 bands (NUSTAR J11042+4604.2; NuS-
for NUSTAR J121027+3929.1 we also show Beift XRT TAR J063358+1742.4; NUSTAR J145856-3135.5) and the de-
data. All fit parameter uncertainties are quoted at the 90%rived properties for these sources are therefore poorly con

confidence level (Avni 1976). strained.
We initially fitted only theNuSTARdata using a simple
power-law model (thG?OW model inXSPEC) to provide con- 7 We note that AGNs often require more complex models to cheriae

; _ - their X-ray emission than that of a simple absorbed power(&ag., Winter
straints on the. overall X ray spectral Slorﬂe ()VGI’ 4-32 keV. et al. 2009; Vasudevan et al. 2013). However, the data gualivur sources
We also restricted thBluSTARdata to cover the rest-frame s not sufficient to reliably constrain such models on a seimgsource basis

10-40 keV energy range for each source and fitted a power{see§4.3 for more detailed average constraints).
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FIG. 4.— Example X-ray spectra and best-fitting power-law madditions for NUSTAR J115912+4232.6 (left) and NUSTAR JI27H-3929.1 (right). The
NuSTARdata is plotted for NUSTAR J115912+4232.6 over 4-32 keV aedNuUSTARand SwiftXRT data is plotted for NUSTAR J121027+3929.1 over 0.5—
50 keV. The black and red crosses are fldaS TARFPMA and FPMB, respectively, and the green crosses are$wift XRT. The X-ray data have been grouped
and fitted using a power-law model apél statistics; se§3.1. The best-fitting models are plotted as solid lines aadtittom panels show the deviations of the

data from the best-fitting modeh(x?).

4. RESULTS
In analyzing theNuSTARsources we predominantly fo-

cus on characterizing their X-ray and UV-MIR properties
and comparing these properties to those of sources detecte

in previous-generatiorg, 10 keV surveys (e.g.Swift BAT;
Tueller et al. 2008, 2010; Baumgartner et al. 2012).

4.1. Basic source properties
The 8-24 keV fluxes of theNuSTARsources are up-

L1o_4okev~ 5 x 10* erg s1, it is ~ 30 times less luminous
than the fainteswift-BATAGNS; in §4.4 we show that this
source is also unusual since it is hosted in a low-mass dwarf
alaxy. The high X-ray luminosities for the majority of the
uSTARsources indicate that they are AGNs. However, the
origin of the modest X-ray luminosity of NUSTAR J032459-
0256.1 is less clear and it is possible that the X-ray emissio
is produced by a hyper-luminous X-ray source (HLX; e.g.,
Farrell et al. 2009; Swartz et al. 2011) as opposed to a low-
luminosity AGN; high-spatial resolution observations twit

to ~ 100 times fainter than sources previously detected atChandrawould be able to distinguish between an off-nuclear

2 10 keV (fg_oakev~ (0.6-5.9)x10 3 erg st cm2, as
compared tofg_sokev 2 0.4 x 10 erg s1 cm™2; e.g., see
Table 2 and thé&RXTEdata in Revnivtsev et al. 2004). The

HLX and an AGN or nuclear HLX. The median and range in
X-ray luminosity and redshift of thluSTARsources are con-
sistent with expectations (Ballantyne et al. 2011). Howeve

NuSTARsources also have fainter optical counterparts andwe note that both the redshift and X-ray luminosity of NuS-
lie at higher redshifts than sources previously detected atTAR J032459-0256.1 are below the range typically explored

Z 10keV (R= 16—22 mags and a median redshifzef 0.7,
as compared t&% ~ 10-16 mags and a median redshift of
z~ 0.03; see Beckmann et al. 2009 and Table 3).

In Fig. 6 we plot the rest-frame 10-40 keV luminosity
versus redshift of th&NuSTARsources and compare them
to AGNs detected in theSwiftBAT survey (e.g., Burlon
et al. 2011). With a median luminosity dfig 4okev ~
3x 10" erg s'1, the NuSTARsources are more luminous
than the vast majority of thBwift BAT AGNs, wherex 80%
haveLig_sokev < 10 erg s1; the median luminosity of the
SwiftBAT AGNS is L1g_aokev~ 3 x 10*3 erg s'1. The larger
fraction of luminous AGNs detected O)YuSTAR in com-
parison toSwiftBAT, is a consequence of the higher sensi-
tivity of NuSTARand two additional factors (1) the strong

in the models.

The optical spectral properties of tiNuSTARsources are
relatively diverse; see Fig. 3 and Table 3. Five of the
ten (= 503‘2‘%) serendipitous sources have broad emission
lines and are classified as broad-line AGNs (BLAGNS), four
(= 40"32%) have narrow emission lines and we classify as
narrow-line AGNs (NLAGNSs), and one is a BL Lac, with
strong power-law optical continuum emission and weak emis-
sion lines®? The BL Lac (NUSTAR J121027+3929.1) is a
relatively well studied high-frequency peaked BL Lac (HBL;
Padovani & Giommi 1995), originally identified at X-ray en-
ergies byEinstein(MS 1207.9+3945; e.g., Gioia et al. 1990;
Morris etal. 1991; Urry et al. 2000; Maselli et al. 2008). Two
of the NLAGNSs have_1g_sokev > 10* erg st and are there-

et al. 2003; Barger et al. 2005; Hasinger et al. 2005; sagmple; by comparison six type 2 quasars are identified in the

Aird et al. 2010), and (2) the comparatively small cosmo-

logical volume in whichNuSTARs sensitive to AGNs with
L1o_40kev < 10% erg st (Zf, 02)

The range of redshifts for thBluSTARsources is large
(z=0.020-2.923). Az=2.923, NUuSTAR J115746+6004.9
is the highest-redshift AGN detected to date 3t10 keV

that does not appear to be strongly beamed (e.g., Beckman

et al. 2009; Burlon et al. 2011; Malizia et al. 2012). By

comparison, NUSTAR J032459-0256.1 has a redshift typi-

cal of those of theswiftBAT AGNs (z = 0.020) but, with

199 Swift BAT sample of Burlon et al. (2011), just 33%
of the entire sample. However, the difference in the fractio

8 All errors are taken from Tables 1 and 2 of Gehrels (1986) andspond
to the 10 level; these were calculated assuming Poisson statistics.
9 We note that our classification of NLAGNS is fairly loose singe lack

fe emission-line diagnostics arouhtd for the majority of our sources to

prove that they lie in the AGN region of an emission-line diagtic dia-
gram as opposed to the HIl region (e.g., Baldwin, Phillipsie&levich 1981;
Veilleux & Osterbrock 1987).
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FIG. 5.— Broad-band UV-MIR SED and best-fitting model solutionthe serendipitousluSTARsources. The data are fitted with the Assef et al. (2010) AGN
(magenta dashed curve) and galaxy (elliptical: red dottede; spiral: green long-dashed curve; irregular: cyarhated curve) templates. The best-fitting
solution is plotted as a black solid curve. The source régdtast-fitting dust-reddening solutio& (B —V)) and uncertainties are shown.

of type 2 quasars betwe®NuSTARandSwiftBAT is at least ~ Therefore, within the limitations of our small sample, the
partly related to the increased fraction of luminous AGNs in biggest differences between the basic properties oNth®-
theNuSTARserendipitous sample; we note that, since we lack TARsources and th8wift BAT AGNs appear to be luminosity
coverage of théda emission line for the type 2 quasars, we and redshift.

cannot rule out the presence of brd4d in some of theNuS-

TARtype 2 quasars. The overall fraction of BLAGNs and  4.2. X-ray spectral properties: the presence of absorption
NLAGNSs in the SwiftBAT AGN sample is conS|stenJESW|th The Z 10 keV sensitivity ofNuSTARallows for the se-
that found for theNuSTARserendipitous samples 50" 2% lection of AGNs almost irrespective of the presence of ab-
of the SwiftBAT sources are BLAGNSs (including all Seyfert sorption, up-to high absorbing column densitiesNgf~ (1—

1s and Seyfert 1.2s) ard 50"2% are NLAGNSs (including  3) x10%4 cm 2. However, particularly when using lower-
all Seyfert 1.5s, Seyfert 1.8s, Seyfert 1.9s, and Seyfgrt 2s energy X-ray data, we can measure the absorbing column den-
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FIG. 7.— X-ray band ratio versus redshift for ttNuSTARsources; see
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uncertainty on the band ratio, which is calculated follagvthe “numerical
method” in§1.7.3 of Lyons (1991). The shaded regions show the range-of ex
pected band ratios for AGNs witly < 1072 cm 2 andNy ~ 5 x 1023 cm~2,
for an intrinsic spectral slope d¢f = 1.8+ 0.5; the dotted and solid curves
indicate the maximum extents in band ratio iy < 10?2 cm~2 andNy =
5x 1072 cm~2, respectively. The predicted band ratios were calculasiagu
the RMF and ARF for NUSTAR J183443+3237.8 (§@¢€l.5).

sities of theNuSTARsources using the X-ray band ratio (the
8-24 keV to 3-8 keV count-rate ratio) and from fitting the
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X-ray spectra over a broad energy range.

In Fig. 7 we show the X-ray band ratio versus redshift
for the NuSTARsources and compare them with those ex-
pected for absorbed power-law emission from an AGN. As
can be seen, given the high X-ray energies probetNb$-
TAR the evidence for absorption can only be clearly identi-
fied on the basis of the X-ray band ratio for the most heavily
obscured AGNsNH 2, 5x 1073 cm2) atz < 0.5. The X-ray
band ratios for all of th&luSTARsources are consistent with
Ny < 5 x 1023 cm~2. However, more detailed constraints on
the X-ray spectral properties and the presence of absarptio
can be placed by directly fitting the X-ray spectra of MeS-
TARsources, particularly when including lower-energy data
(< 3 keV), which is more sensitive to column densities of
Ny < 10%° cm™2. We extracted the X-ray spectral products
and fitted the X-ray data of thiduSTARsources with an ab-
sorbed power-law modekz(vABS* POW in XSPEQ), follow-
ing §3.1; see Footnote 7 for caveats on the application of an
absorbed power-law model to characterize AGNs. In Fig. 8
we plot the best-fitting X-ray spectral sloge) @nd absorbing
column density ;) for theNuSTARsources (see Table 4 for
the best-fitting parameters) and compare them to the X-ray
spectral properties of thBwiftBAT-detected AGNSs in Bur-
lon et al. (2011). The best-fitting X-ray spectral slopes of
the NuSTARsources are broadly consistent with those found
for well-studied nearby AGNd (=~ 1.3-2.3; e.g., Nandra &
Pounds 1994; Reeves & Turner 2000; Deluit & Courvoisier
2003; Piconcelli et al. 2005; Burlon et al. 2011). The
source with the steepest X-ray spectral slope-(2.41"21>
is NUSTAR J121027+3929.1, the HBL previously identified
at< 10 keV (e.g., Gioia et al. 1990; Morris et al. 1991). In-
deed, steep X-ray spectral slopes are typical of HBLs (e.qg.,
Sambruna et al. 1996; Fossati et al. 1997).

Four of the ten sources{40"32%) require the pres-

ence of absorption, withly 2 10?2 cm~2, and the other six
sources have absorbing column density upper limits. The
fraction of X-ray absorbed AGNs witNy > 10°? cm~2 in

the SwiftBAT sample of Burlon et al. (2011) iss 53fj1‘%,
indicating no significant difference in the fraction of ab-
sorbed AGNs between thiduSTARsources and th&wift
BAT AGNs. Eight of theNuSTARsources are quasars with
L1o_4okev > 10" erg s'2, and four & 50"5%%) of the quasars

are absorbed withy 2 10?2 cm~2; see Fig. 9. The fraction

of obscured quasars is in broad agreement with that found at
Z 10keV in the local Universe and fro@handraandXMM-
Newtonsurveys at higher redshift (e.g., Ueda et al. 2003; La
Franca et al. 2005; Akylas et al. 2006; Hasinger 2008; Bur-
lon et al. 2011; Malizia et al. 2012); however, better source
statistics are required to provide sufficient constraiotdis-
tinguish between different X-ray background synthesis mod
els (Gilli et al. 2007). Two of the X-ray absorbed quasars are
BLAGNSs and two are NLAGNs and we discuss the origin of
the obscuration towards these sourceid.

None of theNuSTARsources appear to be absorbed by
Compton-thick materialNy 2, 10°4 cm2), despite the near
obscuration-independent AGN selection overMusSTARN-
ergy range. However, the absorbing column densities of
Compton-thick AGNs are so high that even thelO keV
emission can be significantly absorbed (e.g., AGNs with
Ny 2 5 x 1074 cm~2 can be suppressed by an order of magni-
tude; see Fig. 11 of Burlon et al. 2011). Therefore, Compton-
thick AGNs can be comparatively rare even in high-energy
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FiG. 8.— Best-fitting X-ray spectral parametefsyersusNy) for the NuS-
TARsources and th8wift BAT AGNSs in Burlon et al. (2011). See Fig. 6 for
a description of the symbols; the error bars indicate 90%idence uncer-
tainties for one interesting parameter. The shaded regidicates the range
of properties found for local AGNs (s&€d.2).

AGN sampleg? Indeed, on the basis of the results obtained
for local AGNs at> 10 keV with theINTEGRALand Swift
BAT observatories, onlyz 5-10% of the detected sources are
Compton-thick AGNs (e.g., Tueller et al. 2008; Beckmann
et al. 2009; Burlon et al. 2011; Ajello et al. 2012), desite t
intrinsic fraction of Compton-thick AGNs likely being sub-
stantially larget! If distant AGNs have a similar range of

absorbing column densities as those found locally, we would

therefore expectr 0.5—1 Compton-thick AGNs in our small

sample; given the tentative evidence for an increase in the®

fraction of obscured AGNs with redshift (e.g., La Francalet a
2005; Ballantyne et al. 2006, Treister & Urry 2006; Bright-
man & Ueda 2012), we may expect the Compton-thick AGN
fraction to be even larger in the distant Universe. Taking ac
count of the low number statistics of our sample, we can there
fore place an upper limit to the fraction of Compton-thick
AGNs of < 23% in our sample (90% confidence; see Table
1 of Gehrels 1986). The 90% upper limit on the fraction of
Compton-thick quasars over the redshift range 6f0.5-1.1

is < 33% if we only consider the sevéuSTARsources with
Lio_4okev > 10* erg s'1. These upper limits are marginally
too high to distinguish between different model predicsion
for the fraction of Compton-thick AGNs detectedMuSTAR
surveys for a range of AGN luminosity functions and column-
density distributions £ 22%; Ballantyne et al. 2011; Aky-
las et al. 2012). Better source statistics are clearly requi

10 Less direct approaches are often required to identify Comiitick
AGNs with Ny 2 3 x 10?* cm~2 (e.g., optical-mid-infrared spectroscopy,
photometry, and SED fitting; Risaliti et al. 1999; Alexandral. 2008;
Treister et al. 2009; Goulding et al. 2011; Del Moro et al. 20luo et al.
2013).

11 Assuming that the intrinsic distribution of absorbing auolu densi-
ties overNy = 1072-10%% cm2 is flat (e.g., Risaliti et al. 1999) and that
> 10 keV surveys are only sensitive to the identification of AGWith
Nu < 3x 10%* cm 2, the intrinsic fraction of Compton-thick AGNs would
be~ 20-40%.

11

to accurately measure the fraction of distant Comptorkthic
AGNSs.

4.3. X-ray spectral properties: the presence of reflection

A unique aspect of th&luSTARdata is the insight that it
places on the- 10 keV emission from distant AGNs and the
presence of spectral complexity beyond that of simple pewer
law emission (e.g., a reflection component), particulatly a
z < 1 where the rest-frame energy coveragé&bindraand
XMM-Newtonis comparatively modest. By focusing on
10 keV emission, the effect of absorption on the observed
emission will be neglible (at least up My ~ 5 x 10?3 cm~2)
and the presence of reflection can be revealed by the flagtenin
of the intrinsic power-law component.

To investigate the- 10 keV emission in our sources we fit-
ted the rest-frame 10—40 keV emission using a simple power-
law model (theeowmodel inxsPeQ), following §3.1; see Ta-
ble 4. The spectral constraints for individual sources ax p
and range fronf 10_4okev =~ 0.4—2.4, with large uncertainties;
the mean X-ray spectral slopeligg_sokev =~ 1.9. However,
we can place accurate average spectral constraints biyjoint
fitting the data. When jointly fitting the data we fitted thetres
frame 10-40 keV data of tleuSTARsources with a power-
law model, jointly fitting the power-law component but leav-
ing the normalization for each source to vary independently
In this analysis we excluded NUSTAR J121027+3929.1, the
HBL, and NUSTAR J032459-0256.1, the low-luminosity sys-
tem, since we wanted to focus on luminous non-beamed
AGNSs. The best-fitting X-ray spectral slope from the joint
spectral fitting isl" 10-40kev = 1.88"03¢, in good agreement
with the intrinsic X-ray spectral slope found for nearby A&N
studied at> 10 keV (e.g., Deluit & Courvoisier 2003; Dad-
ina 2008; Molina et al. 2009; Burlon et al. 2011); see Ta-
ble 5. To first order, the comparatively steep average rest-
frame 10—40 keV spectral slope suggests that there is not a
significant reflection component in these sources, on aeerag
which would manifest itself as a relatively flat X-ray spettr
lope at> 10 keV (e.g., Nandra & Pounds 1994).

We can more directly constrain the average strength of
the reflection component by jointly fitting the rest-frame-10
40 keV data using theexrAv model inxspec(Magdziarz &
Zdziarski 1995)- Fixing the X-ray spectral slope fo= 1.8
and adopting the default parameters#&ixRAV we constrain
the average strength of the reflection for the eiynSTAR
sources to b& < 1.4.13 Conversely, if we fixR = 1, the typ-
ical value found for nearby AGNs selectedaflO keV (e.g.,
Deluit & Courvoisier 2003; Dadina 2008; Beckmann et al.
2009; Molina et al. 2009), we constrain the intrinsic X-ray
spectral slope to be = 2.08"033, also consistent with that of
nearby AGNs; see Table 5. To first order, our results there-
fore suggest that the strength of reflection in distant lwus
AGNSs is consistent to that found for local AGNs. However,
better source statistics are required to more accurately co
strain the strength of a reflection component in distant AGNs
and to search for changes in the reflection component within
sub populations (e.g., dividing the samples in terms of fumi
nosity and absorbing column density).

4.4. Ultraviolet—-mid-infrared source properties

12 The PEXRAV model calculates the expected X-ray continuum spectrum
due to the reflection of power-law emission by neutral materi

13 The reflection parametd® indicates the solid angle of a neutral slab of
material illuminated by the primary X-ray sourde= %T
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by WISE Stern et al. (2012) and Assef et al. (2013) have
e [T I & T H recently developetlVISEAGN selection criteria, effectively
extending theSpitzerselection criteria across the full sky
(see also Mateos et al. 2012; Wu et al. 2012). Five of
the eightNuSTARsources hav&VISE colors indicative of
an AGN according to those criteria. The outliers include
the two sources with the weakest AGN component (i.e.,
lowest d values; see3.2), NUSTAR J011042-4604.2 and
NuSTAR JJ032459-0256.1. These are the only sources with
4 < 0.5, confirming that MIR selection misses sources where
the AGN is not bolometrically dominant.

The final outlier is the HBL NuSTAR J121027+3929.1, a
BL Lac-type blazar. Massaro et al. (2011) have recently
published a series of papers discussing WkSE colors of
blazars. While Flat-Spectrum Radio Quasars (FSRQ) type
blazars have colors typical of other AGN populations (e.g.,
Yan et al. 2013), BL Lac-type blazars have unique colors.
However, as NUSTAR J121027+3929.1is only detected in the
T E TR P R N R SR - two shorter wavelength bandpasseSW86E it is not possible

=0 21 =2 2 =4 28 to compare this source to the color criteria developed by-Mas
tog(Ny) [em~] saro et al. (2011) and Yan et al. (2013); note also the caveat
FIG. 9.— Luminosity versus best-fitting absorbing column digné\y) emptor in Footnote 3 of Stern & Assef (2013).

for the NuSTARdetected sources and tBsviftBAT AGNSs in Burlon et al. e : ;
(2011). See Fig. 6 for a description of the symbols; the ebars in- 4.4.2. Spectral energy distribution anaIySIS

dicate 90% confidence uncertainties for one interestingrpater. The To quantify the UV-MIR emission of thuSTARsources
f[‘fo‘jj:ksgol”oﬂi'f;?f ;rr‘:j a:uzmi)?zr%‘rffgis expectatbuuired quasars e fitted the broad-band SEDs followi8.2; see Fig. 5 and
Table 3. A significant AGN componera ¢ 0.4) is required
to explain the UV-MIR emission for all of the sources ex-
o cept for the low-luminosity system NuUSTAR J032459-0256.1.
The UV-MIR data of theNuSTARsources can provide in-  The rest-frame §im luminosities of theNuSTARsources
sight into the emission from the AGN and host galaxy and (yLg um = (0.9-30)x 10*erg s, with the exception of NuS-
the presence of dust reddening. Below we first explore t,heTAR J032459-0256.1, which hatg i ~ 4 x 10" erg 1)
MIR colors of theNuSTARsources and we then analyze their 4.q iy general agreement with that expected for the MIR=X-
UV-MIR SEDs. ray (i.e., 6pm—-2-10 keV) luminosity relationship found for
4.4.1. Infrared color analvsis AGNs (e.g., Lutz et al. 2004; Fiore et al. 2009); we as-
Sl y sumed’ = 1.8 to convert between rest-frame 2—10 keV and
Various work over the past decade has shown that MIR col-rest-frame 10-40 keV. However, we note that the HBL NuS-
ors provide a powerful method to robustly select luminous TAR J121027+3929.1 and the highest-redshift source NuS-
AGNs in a manner that is relatively unbiased by obscuration TAR J115746+6004.9 are both X-ray bright compared to the
(e.g., Stern et al. 2005, 2012; Assef et al. 2010, 2013; Don-strength of the AGN at §im, suggesting that the X-ray emis-
ley et al. 2007, 2012). As such, MIR selection has some sion from these sources is probably beamed (as would be, at
similarity to hard X-ray selection, and MIR and hard X-ray least, expected for an HBL).
source selection are potentially the two most promising av- In some cases the presence of dust reddening in the best-
enues for uncovering the full census of AGN in universe. fitting SED solutions means that the observed contribution
Each wavelength has various strengths and weaknesses. lof the AGN at UV-optical wavelengths is negligible. How-
particular, various work has shown that MIR selection prefe  ever, we highlight here that, although the strength of th&AG
entially identifies the most luminous AGN with quasar-level continuum at UV-optical wavelengths plotted in Fig. 5 is in-
luminosities (e.g., Donley et al. 2007, Eckart et al. 2010), consistent with the optical spectroscopy in some cases (e.g
while X-ray selection efficiently identifies moderate—high NuSTAR J011042-4604.2 and NuSTAR J181428+3410.8),
minosity AGNs (e.g., Barger et al. 2003; Szokoly et al. 2004; they are broadly consistent when the range in dust redden-
Xue et al. 2011). On the other hand, MIR surveys have nowing from the best-fitting solution is taken into account; see
mapped the entire celestial sphere, identifying milliohsoe Table 3. As expected on the basis of the simplest uni-
bust AGN candidates. In contrablySTARs unlikely to map fied AGN model (e.g., Antonucci 1993), the optical emis-
more tharr 10-20 ded over its entire mission lifetime. In  sion is heavily extinguished in the NLAGNE(B— V) ~ 3—
order to explore this MIR—X-ray complimentarity in the new 6 mags, which corresponds 8, ~ 9-18 mags folRy =
regime offered byNuSTARwe therefore briefly discuss the 3.1; e.g., Savage & Mathis 1979), with the exception of the
MIR colors of the ten serendipitoduSTARsources. low-luminosity system NUSTAR J032459-0256.1. There is
Only one of the ten NuSTAR sources (NuS- evidence of dust-reddening for two of the BLAGNs (NuS-
TAR J063358+1742.4) has four-ban8pitzerIRAC de- TAR J181428+3410.8 haB(B —V) =~ 2 mags and NuS-
tections, a requirement for thHepitzerMIR AGN selection TAR J183443+3237.8 haB(B—V) ~ 0.6 mags) and, as
criteria; NUSTAR J063358+1742.4 is fainter than IWMSE we discuss in the Appendix, the reddening towards NuS-
flux limits but has IRAC colors that place it within the TAR J183443+3237.8 appears to be variable. None of the
IRAC AGN wedge of Stern et al. (2005). Of the other nine other BLAGNs show evidence for significant obscuration at
NuSTARsources, eight have at least two-band detectionsoptical wavelengths, as expected for the simplest version o
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10° M., (for the low-luminosity system NuSTAR J032459-
T ARSI T ] 0256.1) to~ 3 x 10'2 M., (for the highest-redshift source

- —~i i
2 2 NuSTAR J115746+6004.9). However, the stellar masses for
’ 3 3! E the majority of theNuSTARsources are relatively tightly
3 o constrained: the stellar-mass range with these two extreme
6 = <) % 3 sources removed is (0.7-3.810'! M., and the median stel-
N & ] lar mass is~ 10! M. Many of theNuSTARsources are
5 o o E BLAGNSs and we caution that reliable stellar-mass constsain

are challenging for these systems due to the contribution of
the AGN to the rest-frame optical-near-IR emission 2
’ i and Fig. 5 for the SED-fitting constraints). However, reassu
ingly, the median stellar mass of the NLAGNSs, where accu-
rate stellar-mass constraints are less challenging, isistemt
1 with that of the BLAGNs when the two extreme sources are
E removed & 10 M..).
E The range and median stellar mass of MeSTARsources
E are similar to those of comparably distant AGNs detected at
S i < 10 keV inChandraandXMM-Newtonsurveys (e.g., Babit
e il TP == N NN E et al. 2007; Alonso-Herrero et al. 2008; Bundy et al. 2008;
20 21 =2 =3 =4 25 Xue et al. 2010; Lusso et al. 2011). However, by compar-
og{Ny) [em™] ison, the median stellar mass of tNeSTARsources isv 5
FIG. 10.— Dust reddeningq(B—V)) versus X-ray absorptioriNg) for the times _h'gher than foz < 0.05 AGNs detected at- 10 ke_V
NuSTARserendipitous sources from the UV-MIR SED fitting and theayt-r by SwiftBAT (~ 2 x 10'° M.; Koss et al. 2011). To first
spectral fitting, respectively; see Fig. 6 for the desawiptof the symbols.  order this suggests that there has been significant evolutio
The solid curve indicates the relationship between dusteweitig and X-ray in the characteristic mass of high-energy emitting AGNs ove
absorption expected from tH’Q/,GarNH,Gal relationship found in the Galaxy h dshift ranae ~ 0—1. However. theNuSTARsources
(Savage & Mathis 1979; Guver &zel 2009) while the dashed curve indi- the re ! Y . . !
catesAy ga—10x Ny g, broadly consistent with that found for AGNs by ~are more luminous than ttwift BAT AGNs and that could
Maiolino et al. (2001). bias the results towards more massive systems. For example,
for a constant average Eddington ratio, the order of magni-
tude higher median X-ray luminosity of tiduSTARsources
over theSwift BAT AGNs (see§4.1) would lead to an order of
the unified AGN model for BLAGNSs; however, we note that magnitude higher black hole mass and thereby a largeristella
there is a large uncertainty in the dust reddening for NuS- mass, assuming no evolution in the black-hole—-spheroid mas
TAR J011042-4604.2, which is due to the limited number of relationship (e.g., Magorrian et al. 1998; Marconi & Hunt
photometric data points. 2003; Gultekin et al. 2009). Indeed, Koss et al. (2011) show
In Fig. 10 we compare the obscuration estimated from the a weak trend between mean stellar mass and X-ray luminosity
UV-MIR SED fitting to that measured from the X-ray spec- for theSwiftBAT AGNs. Therefore, while our results indicate
tral fitting, which provides constraints on the dust-to-gas  that the most luminous high-energy emitting AGNg &t 0.1
tio in AGNs. The BLAGN with the strongest dust reddening are hosted by more massive galaxies than high-energy emit-
(NUSTAR J181428+3410.8) has a measured X-ray absorbting AGNs atz < 0.05, a systematic analysis of both local and
ing column density o\ ~ 10?2 cm™2, consistent with that  distant AGNs taking account of potential X-ray luminosity b
expected given théy,—Ny relationship found in the Galaxy ases, is required to derive more accurate constraints.
(e.g., Guver &0zel 2009). The constraints on the X-ray ab-
sorbing column density for the other four BLAGNSs are also

Ep_y [mag]
o~
R A A e LA R ARR AR R AR ARR AR R

5. CONCLUSIONS

consistent with that expected given the—Ny relationship ~ We have reported on the first ten identificationsNafS-
found in the Galaxy; however, in all cases the column-dgnsit TARsources serendipitously detected in the extragalactic sur
constraints are too weak to rule out the differégt-Ny re- vey programme. ThesHuSTARsources arex 100 times

lationship found by Maiolino et al. (2001). By comparison, fainter than AGNs previously detected:at10 keV and have
although the three NLAGNSs with1g 40 kev 2 10*3 erg st a broad range in redshift and luminosigs 0.020-2.923 and
(NUSTAR J063358+1742.4, NUSTAR J115912+4232.6, and| ;o sqey ~ 4 x 104-5x 10 erg s°1); the median redshift
NUSTAR J204021-0056.1) have evidence for significant ob- and juminosity are ~ 0.7 andL1g_soev~ 3 x 104 erg 1,
scuration, the inferred X-ray absorbing column densityrfro respectively. On the basis of broad-baa®.5-32 keV spec-
the dust reddening measurements are lower than thosdylirect troscopy, optical spectroscopy, and broad-band UV-MIR SED
measured from the X-ray spectral analyzépik, ~ (2=  analyzes we found the following results:

4) x10°? cm~2, as compared td\y ~ 10?3 cm™? mea-

sured from the X-ray data). However, the dust-to-gas ratios e five (=~ 50"33%) of the tenNuSTARsources are classi-

are consistent with the lowek/—Ny relationship found by fied as broad-line AGNs (BLAGNS), four{ 40"32%)
Maiolino et al. (2001) for AGNs. Neither the HBL NuS- are classified as narrow-line AGNs (NLAGNSs), and one
TAR J121027+3929.1 nor the low-luminosity system NuS- is a BL Lac. The BLAGN:NLAGN ratio is consistent
TAR J032459-0256.1 show evidence for significant obscura- with that found for > 10 keV selected AGNs in the
tion in the UV—-MIR and X-ray bands. local Universe. Seé4.1.

The best-fitting SED solutions also provide a first-order
estimate of the host-galaxy stellar masses of MSTAR e from fitting the broad-band X-ray spectra we find

sources. The range of stellar masses is large, frofhx that the dominant source population are quasars with
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L1o_4okev > 10 erg st, of which ~ 50% are ob-
scured withNy 2 10?2 cm2. However, none of the
seven quasars over the redshift rarzge 0.5-1.1 are

ALEXANDER ET AL.

improvement in sample size afford by the flNlUSTARex-
tragalactic survey (completed in the first 2 yearsNofSTAR
observations) we will be able to make more detailed compar-

Compton thick and we place a 90% confidence upperisons and accurately measure the high-energy properties of

limit of < 33% on the Compton-thick quasar fraction.
Seet4.2.

e from jointly fitting the rest-framex~ 10-40 keV data
for all of the non-beamed sources withg_sgkev >
10*3 erg s’ we constrain the high-energy X-ray spec-

distant AGNs and constrain their evolution with redshift.

We acknowledge financial support from the Leverhulme
Trust (DMA; JRM), the Science and Technology Facili-

tral slope and the average strength of a reflection com-ties Council (STFC; DMA; ADM; GBL), the SAO grant

ponent. We findR < 1.4 for I = 1.8 andl’ = 2.08" -3
andR = 1.0, consistent with that found for local AGNs
selected at- 10 keV. Se&4.3.

o from fitting the UV-MIR SEDs we constrain the stel-
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the fraction of absorbed AGNs between theSTARsources
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massive), on average. These results therefore suggegii¢hat
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TABLE 1. X-RAY OBSERVATIONS USED IN THE PAPER

Target Field HLX 1 NGC 1320 Geminga SDSS J1157+6003 IC 751 MEEL Cen X-4 WISE J1814+3412 3C 382 AE Agr
Observatory NuSTAR NuSTAR NuSTAR NUSTAR NuSTAR NuSTAR NuSTAR NuSTAR TAR NuS NuSTAR
Observation 30001030002 60061036002 30001029(0022-028) 60001071002 60061217004 60001111005 30001004002 6000211 60061286002 30001120004
Start date 2012-11-19 2012-10-25 2012-09-26 2012-10-28 13-P2-04 2012-11-14 2013-01-20 2012-10-30 2012-09-18  2a18t05
Exposuré 177.1 ks 14.5ks 142.6 ks 21.7ks 56.1 ks 61.8 ks 116.4 ks 21.3 ks 16.6 ks 71.3 ks
Observatory  SwifeXRT SwifeXRT Chandra Chandra SwiftXRT XMM-Newton XMM-Newton SWHKRT XMM-Newton
Observation 00031287003 00080314001 7592 5698 00080073001 0144900101 0693750101 00080217001 011118020
Start date 2008-11-07 2012-10-26 2007-08-27 2005-06-03 2012-11-20 2003-03-01 2012-10-07 2012-09-18 2001-11-07
Exposuré 11.3 ks 6.8 ks 77.1 ks 7.0 ks 1.1ks 55.3 ks 29.6 ks 6.6 ks 4.3 ks

9T

NOTE. — 2 the nominal on-axis exposure time (’uSTARhe exposure is from FPMA), corrected for background flaend bad eventd’ the range of observation numbers that have been combineddage

the final image (only the 15 observations ending in even nusioe used).
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TABLE 2. NUSTAR SOURCEPROPERTIES

Target Field HLX 1 NGC 1320 Geminga SDSS J1157+6003 IC 751 MEEL Cen X4 WISE J1814+3412 3C 382 AE Agr
Source Nané 011042-4604.2 032459-0256.1 063358+1742.4 115746+8004.115912+4232.6 121027+3929.1 145856-3135.5 18142843410 183443+3237.8 204021-0056.1
RA (J2000% 01:10:42.7 03:24:59.5 06:33:58.2 11:57:46.2 11:59:12.4  2:1@27.0 14:58:56.6 18:14:28.2 18:34:43.6 20:40:21.0
DEC (J2000% —46:04:17 —02:56:09 +17:42:25 +60:04:55 +42:32:37 +39:29:07 —31:35:34 +34:10:51 +32:37:52 —00:56:06
Exposure (Aj 159.8 8.0 92.4 18.2 31.0 42.1 27.4 18.4 9.2 52.4
Exposure (B 159.4 5.9 93.0 18.5 31.2 39.9 46.0 20.0 9.6 51.7
3-24 keV (A)j 295+ 35 129+17 102+ 24 (31+12) 213+ 20 621+ 34 34422 <28 43+12 148+ 27
3-8 keV (AY 172425 90+ 13 51+ 16 (24+9) 132+ 14 477+ 28 <33 <19 (20+8) 92+19
8-24 keV (Af 123+ 25 38+11 52+18 <18 82+ 14 145+ 20 <36 (16+9) (24+8) 57+19
3-24 keV (BY 265:+ 37 97+ 14 (87+31) 35+12 262+ 24 655+ 33 28+19 23+12 52+11 107+ 24
3-8 keV (B)j 158+ 26 62+ 10 59+ 22 19+8 156+ 17 494427 <25 (14+38) 30+8 77+18
8-24 keV (BY 109426 35+10 <50 (16+8) 108+ 17 172+19 29+15 (9+9) (22+7) <37
Aperturé 45 60 45 45 45 30 45 45 45 45
_|
Flux (3-24 keV] 1.3 9.2 0.8 1> 5.6 12.1 0.8 0.9 3.8 1.6 %
Flux (3-8 keV) 0.4 3.9 0.3 05 1.9 6.7 <0.20 0.3 1.1h 07 >
Flux (8—24 keV§ 0.8 5.8 0.6 0.7 4.1 5.9 0.9 0.7 3.0 1.0 C
wn
X-ray offsef ) 4.3 7.6 0.9 4.6 4.9 6.5 9.9 8.6 4.5 :T>|
Flux (3-8 keV; other data) 0.8 2.7 0.2 0.8 7.5 0.4 0.4 1.5 0.7 3
wn
L}
Py

NOTE. — 2 source name (NUSTAR J), based on the counts-weightefITARsource position following the IAU source-name conventisee(Footnote 3¥, counts-weightedNuSTARsource position measured in the 3-24 keV energy ban(gsee
§2.1.4);¢ effective exposure at the source position in FPMA and FPMiits of ks. The effective exposure is measured from the sxgomaps (se§2.1.1);9 net counts, I uncertainties, and 8 upper limits measured at the counts-weigh@d
NuSTARsource position in the 3-24 keV, 3-8 keV, and 8-24 keV bandERMA and FPMB (se§2.1.2). The values in parentheses indicate a lower signifiegounterpart (se§2.1.1);° radius (in arcseconds) of the circular aperture uségjto
measure the source photometry (§8el.2); f aperture-corrected flux in the 3-24 keV, 3-8 keV, and 8-24 &edfgy bands in units of 18° erg s cm2 (see§2.1.3);9 positional offset (in arcseconds) between the countshie@NuSTA
source position and the closest source detected in the4emesgy X-ray data (i.eGhandra SwiftXRT, XMM-Newton. See Table 17 low-count source anfl = 1.8 is used to convert tiduSTARcount rates into fluxe$flux at 3-8 keV measured)
from the lower-energy X-ray data (eith€handra SwiftXRT, or XMM-Newton; see Table)In units of 103 erg s'* cm™2 (see§2.2).
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TABLE 3. ULTRAVIOLET TO MID -INFRARED SOURCE PROPERTIES

|_\
o0}

Target Field HLX 1 NGC 1320 Geminga SDSS J1157+6003 IC 751 MEEL Cen X4 WISE J1814+3412 3C 382 AE Agr
Source Nam@ 011042-4604.2 032459-0256.1 063358+1742.4  115746+8004.115912+4232.6 121027+3929.1 145856-3135.5 18142813410 183443+3237.8 204021-0056.1
RA (J2000% 01:10:43.08 03:24:59.95 06:33:58.22 11:57:46.75 11590 12:10:26.61 14:58:57.05 18:14:28.82 18:34:43.23  4@Q0.71
DEC (J2000) —46:04:20.0 —02:56:12.1 +17:42:24.2 +60:04:52.9 +42:32:35.4 +39:2%.0 —31:35:37.8 +34:10:51.2 +32:37:54.4 —00:56:06.0
Optical offset 4.7 (0.8) 7.7 (0.5) 1.4 (1.1) 4.5(0.1) 2.5 4.5(0.5) 7.4(1.3) 8.1(1.9) 6.0 (2.9) 4.3(0.2)
Fuvd 19.49+0.12 21.81+0.45 2333+0.29
Nuvd 21.92+0.45 1902+ 0.06 2231+0.46 2101+0.22 21.07+0.23 2190+ 0.05 2370+0.25
ud 245+1.1 2161+ 0.40 2002+ 0.04 2384+0.82
g/B* 2229+0.13 1934+ 0.02 1972+ 0.01 21.19+0.08 2163+0.45 2243+0.14
r/R¥ 16.3 2156+ 0.09 1814+0.01 1942+0.01 19.9 20.62+0.07 1954+ 0.18F 2156+0.10
i/1¥d 2153+0.13 1759+ 0.01 1906+ 0.01 1867+0.20F  20.37+0.06
A 21.52+0.47 1724+ 0.03 1879+ 0.04 20.35+0.22
Jd 14.89+0.06 > 198 16.59+0.14
Hd 14.37+0.09 16.18+0.17
Kd 14.06+0.09 1509+0.11
WISEW1 (3.4um)¢  15.9840.07 1320+ 0.03 16.77+0.10 1410+ 0.03 1486+ 0.04 1691+ 0.16 15.32+0.04 1605+ 0.08
WISEW2 (4.6pm)¢  154440.13 1300+ 0.03 . 15.63+0.13 1297+ 0.03 1459+ 0.64 1519+ 0.12 . 14.31+0.05 1505+ 0.10
WISEW3 (12pm)d  12.4840.39 987+0.05 12.89+0.47 970+0.04 . 1154+0.19 1138+0.11 1189+ 0.26
WISEW4 (22 um)? 7.70+0.14 6.87+0.09 8.62+0.26 >
Spitzer(3.6 um)d 4878+0.33 6392+1.1 23679+0.47 85.74-+0.80 —
Spitzer(4.5 um)d e o 5413-+0.22 o 102207+0.76  2047240.48 o 15122+0.74 Q
Spitzer(5.8 um)¢ 624+17 >
Spitzer(8.0 pm)? 1146420 %
Redshiff 1.073 0.020 0.891 2.923 0.177 0.615 1.045 0.763 0.510 0.601 %
Telescopé Gemini-S Keck Keck P200 P200 e e Keck P200 Keck m
Camerad GMOS-S LRIS LRIS DBSP DBSP LRIS DBSP DEIMOS 1
UT Date/ 2012 Dec 12 2012 Nov 9 2013 Jan 10 2012 Nov 20 2012 Nov 20 2012 Nov 9 2012 Oct 10 2012 Oct 13 ,:E
Typef BLAGN NLAGN NLAGN BLAGN NLAGN BL Lac BLAGN BLAGN BLAGN NLAGN ;
&9 0.43+0.14 025+ 0.03 084+0.04 077+0.09 070+0.01 050+ 0.03 1004+ 0.04 077+0.05 067+0.04 076+0.04
E(B—V)9 20+46 01+0.1 42+29 01+0.4 59+0.6 0.04-+0.01 00+0.1 254+1.0 06+05 32+13
Leun? 3.6+25 0.00440.001 26+14 299+143 09+0.1 21402 6.8+0.8 47+11 20402 22405
M, 9 334451 20+0.1 114425 2000+ 340 88+3 236+ 18 <41 68+17 117+20 121+ 13

NoTE. — 2 source name (NUSTAR J); see Tabl& 2punterpart source positiohpositional offset (in arcseconds) between the countstediNuSTARposition and the counterpart source position (the valuaiemtheses gives the positional
offset between the lower-energy X-ray source and the copatesource positionf source photometry given in its native format (e.g., AB magGALEX AB sinh mag for SDSSy for Spitzer and Vega mag for all others unless otherwise
noted). Optical photometry with double-dagger symhligdicates when the given measurements are not from the Stb8ghotometry for these sources is obtained from the DBSSwperCOSMOS unless otherwise noted in the text (see
§2.4). For the Geminga serendipitous source, we obtaideaind imaging from the KPNO 2.1-m telescope (§2et); © optical spectroscopic redshift, as described2b, except for NUSTAR J121027+3929.1 and NUSTAR J14583%.3,
which are taken from Morris et al. (1991) and Caccianiga ef2008), respectively’ observational details of the optical spectroscopy and fieal spectroscopic classification, as giver§h5, §4.1, and the Appendix (see Morris et al. 1991
and Caccianiga et al. 2008 for details of NuSTAR J121027939and NuSTAR J145856-3135.5)best-fitting parameters anddluncertainties from the UV—mid-infrared SED fitting (s§&2): dis the fractional contribution to the UV-MIR
emission from the AGN componeri(B —V) is the dust reddening (units of magk},m is the infrared luminosity of the AGN at rest-frameu (vL, ) in units of 10 erg s'%, andM., gives the stellar mass (units ofLB.).



TABLE 4. BEST-FITTING MODEL PARAMETERS

Target Field HLX 1 NGC 1320 Geminga SDSS J1157+6003 IC 751 MEEL Cen X4 WISE J1814+3412 3C 382 AE Agr
Source Nam@ 011042-4604.2 032459-0256.1 063358+1742.4 115746+8004.115912+4232.6 121027+3929.1 145856-3135.5 18142843410 183443+3237.8 204021-0056.1
Data fitted? NuSTAR NuSTAR NuSTAR NuSTAR NuSTAR NuSTAR NuSTAR NuSTAR TAR NuS NuSTAR
Energy rangé 4-32 4-32 4-32 4-32 4-32 4-50 4-32 4-32 4-32 4-32
0.4 05 0.6 0.8 03 0.2 12 7.4 0.7 05
rd 19+9 2219 16198 22198 19783 24192 05412 19774 15'9] 16702
F10-40kev® 1958 12777 20754 1958 18753 24753 04773 04753 L7gs 2355
L10-40keV® 5.0 0.0049 2.7 82 0.37 13 45 1.7 2.9 1.7
Data fitted? NuSTAR NuSTAR NuSTAR Chandra NuSTAR NuSTAR XMM-Newton N iR NuSTAR NuSTAR
+SWiftXRT +Swift XRT +Chandra +SwiftXRT +SwiftXRT +XMM-Newton
Energy range 0.5-32 0.5-32 0.5-32 0.5-8 4-32 0.5-50 0.5-12 0.5-12 0.5-32 0.5-32
0.3 0.4 0.5 0.8 12 0.2 0.3 05 0.5 05
rf 2.0%03 20753 165z 1906 22755 24157 19%%3 19%032 14153 1852
Ny f 1411 <02 10933 <119 < 65.4 <086 <09 19'%3 <15 1024224

—

T

NOTE. — 2 source name (NUSTAR J); see Tablé 2rigin of the X-ray data used in the spectral fittiigibserved-frame energy range (in keV) over which the X-rag dfitted; best-fitting spectral slop&} and uncertainty (90% confidenqe)
over the full spectral range for a power-law modetest-fitting spectral slop€, uncertainty (90% confidence), and luminosity (units df*iérg s™) from fitting the rest-frame 10-40 keV data with a power-laadel (se€3.1 for more details);>
f best-fitting spectral slop& ), absorbing column density, uncertainty (90% confiderae, upper limitsI{y; units of 132 cm~2; see§3.1 for more details).
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TABLE 5. JOINT-FITTING MODEL PARAMETERS

ModeR  Source® T[1o_aoker® R

POW 8 1887928 ...
PEXRAV 8 1.8 <14
PEXRAV 8 208702  1.¢°

NoTE. — 2 xspEcmodel used in the joint-fitting procesSnumber of sources used in the joint-fitting process — thellowinosity system
NuSTAR J032459-0256.1 and the HBL NUSTAR J121027+3929.rk wet included in the joint-fitting proces$best-fitting spectral slope
over the rest-frame 10-40 keV randebest-fitting reflection parameteR(see Footnote 13 for a description) over the rest-frame Q.&e¥
range;® parameter fixed at given value.
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APPENDIX

Here we provide the details of the new optical spectroscdygined for eight of the serendipitodSTARsources, present
the optical spectroscopy for an additioi@iandradetected source in the Geminga field, and discuss the #titegeproperties
of NuSTAR J183443+3237.8.
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FiG. Al.— (left) optical spectrum of &handradetected source spectroscopically identified in the Gganfield. The detection of broad Mg Il indicates that
this source is a BLAGN at = 1.109; (right) UV-MIR SED with the best-fitting solution. Thata are fitted with the Assef et al. (2010) AGN (magenta dashed

curve) and elliptical galaxy templates (red dotted curid)e best-fitting solution is plotted as a black solid curvie Source redshift, best-fitting dust-reddening
solution E(B—V)) and uncertainties are shown.

A.1 DETAILS OF THE NEW OPTICAL SPECTRSOCOPIC OBSERVATIONS

On UT 2012 October 10 we used the Double Spectrograph (DBSRhe Palomar 200 inch telescope to observe NuS-
TAR J183443+3237.8 in the 3C382 field. We integrated for 3Gplg& across two equal exposures in moderate, but non-
photometric conditions. The observations used theRide longslit, the 680@ dichroic, the 600/4000 blue grating (e.g., 600
¢mm1, blazed at 400(5‘), and the 316/7500 red grating.

On UT 2012 October 13 we used the DEep Imaging Multi-Objeec8pgraph (DEIMOS; Faber et al. 2003) at the Nasymth
focus of the Keck II 10 m telescope to observe NUSTAR J2040246.1 in the AE Aqr field. We obtained a single 300 s exposure
in photometric conditions using 600/7500 grating.

On UT 2012 November 9 we used the Low Resolution Imaging $peetter (LRIS; Oke et al. 1995) at the Cassegrain focus
of the Keck | telescope to observe NUSTAR J032459-0256. Nar®TTAR J181428+3410.8in the NGC 1320 and W1814+3412
fields, respectively. We observed the sources for 200 s aBd 3@spectively, in moderate, but non-photometric caontt The
observations used thé¢'a wide longslit, the 5606 dichroic, the 400/3400 blue grism, and the 400/8500 retinga

On UT 2012 November 20 we again used DBSP at Palomar. Consliti@re photometric and we used the same instru-
ment configuration as employed for NUSTAR J183443+3237@dtober. We observed NUSTAR J115746+6004.9 and NuS-
TAR J115912+4232.6 in the SDSS 1157+6003 and IC 751 field$860 s split into two and three dithered exposures, respec-
tively.

On UT 2012 December 12 we used the Gemini Multi-Object Spgcaph-South (GMOS-S; Hook et al. 2004) at the Gemini-
South 8 m telescope to observe NUSTAR J011042-4604.2 in tbelHield. We observed the source for 1200 s, split into two
exposures dithered by 58in central wavelength to fill in the chip gap in the focal pdariWe used the !5 wide longslit and
600/4610 grating.

On UT 2013 January 10 we used LRIS at the Keck | telescope terabNuSTAR J063358+1742.4 in the Geminga field.
We observed the source for 1200 s, split into two exposusisguhe 1'5 wide longslit, the 600/4000 blue grism, the 400/8500
red grating, and the 5608 dichroic. The position angle of the longslit was set in artdeget a secon€handrasource in the
field where there is weak evidence fduSTARemission. The optical spectrum of this second Geminga dgri¢ous source
at a32000= 06"33M49.225, d30000= +17 deg41min551 (CXO J063349.2+174155) and the UV-MIR SED and the besgitt
solution (following§3.2) are shown in Fig. A1. The optical spectrum reveals an &G&N-= 1.109 with somewhat broadened Mg
emission, weak [QI] emission, and a strong 40@0break with well-detected Ca H+K absorption lines. The Hathg SED
solution suggests that the AGN dominates the UV-MIR emisditowever, since the SED is only comprised of the WISE data,
the overall SED is comparatively poorly constrained: thstifigting parameters are= 0.93+0.03,E(B—V) = 0.24+0.39,

Leum = (5.34-£0.55) x 10**erg s°1, andM, = (9.343.2) x 10'° M. There is weak evidence for emission from this source in
theNuSTARmages. However, this source was not formally detectedyusbia source detection procedure describefRid and
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we therefore do not discuss this source further in this paplerinstead provide this information for future researstodrX-ray
sources in the Geminga field.
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Fic. A2.— UV-MIR SED and best-fitting solutions for NuSTAR J1834-3237.8 using (left) our recent (UT 2013 March 04) obsésma and (right) from
the DSS. The data are fitted with the Assef et al. (2010) AGNygnta dashed curve) and galaxy (elliptical: red dottedesurvegular: cyan dash-dotted curve)
templates; the best-fitting solution is plotted as a bladidsmrve. The source redshift, best-fitting dust-reddgrsolution €(B —V)) and uncertainties are
shown.

A.2 NOTES ON NUSTAR J183443+32378

NuSTAR J183443+3237.8 is a BLAGN that appears to be unabdartthe X-ray band\¥y < 1.5 x 10?2 cm~?; see Table 4).
We obtainedB, R, andl band observations of this field on UT 2013 March 04 using P68552.4. The optical emission of
NuSTAR J183443+3237.8 has faded since the original DSSraditsens. To explore the origin of this fading we fitted the UV
MIR SED of NuSTAR J183443+3237.8 followirt@.2, using both our new data and the older DSS data; see FigoAthe basis
of the original DSS observations the best-fitting SED sohlutndicatesE(B —V) = 0.00+ 0.01. However, by the comparison,
the best-fitting SED solution using the new UV-optical daidicatesE (B — V) = 0.59+ 0.46, consistent witiy ~ 1.9 mags
for Ry = 3.1 (e.g., Savage & Mathis 1979). Assuming the relationshigzéen dust reddening and X-ray absorption found in
the Galaxy (e.g., Giver &zel 2009), the X-ray absorbing column density Agr~ 1.9 mags isNy ~ 5 x 10?1 cm~2, a factor
~ 3 below the upper limit placed ddy from the X-ray spectral fitting; see Table 4.



