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ABSTRACT

The International Gamma-Ray Astrophysics Laborattikff EGRAL is discovering hundreds of new hard
X-ray sources, many of which remain unidentified. We reparpptical spectroscopy of five such sources
for which X-ray observations at lower energies((5-10 keV) and higher angular resolutions thBITE-
GRAL have allowed for unique optical counterparts to be locai#@. find that IGR J16426+6536 and IGR
J22292+6647 are Type 1 Seyfert active galactic nuclei (V@R J16426+6536 further classified as a Seyfert
1.5) which have redshifts aof= 0.323 andz = 0.113, respectively. IGR J18308-1232 is identified as a cat-
aclysmic variable (CV), and we confirm a previous identifimatof IGR J19267+1325 as a magnetic CV.
IGR J18214-1318 is identified as an obscured high mass Xirayyo(HMXB), which are systems thought
to have a compact object embedded in the stellar wind of aiveastar. We combin€handrafluxes with
distances based on the optical observations to calculateyXaminosities of the HMXB and CVs, finding
Lo3-10 kev = 5x 10° erg s? for IGR J18214-1318,¢3-10 kev = 1.3 x 10°? erg s* for IGR J18308-1232, and
Lo3-10 kev= 6.7 x 10*? erg s* for IGR J19267+1325.

Subject headinggalaxies: Seyfert — novae, cataclysmic variables — teakesq spectroscopic — X-rays:
binaries — X-rays: individual (IGR J16426+6536, IGR J1821318, IGR J18308-1232,
IGR J19267+1325, IGR J22292+6647)

1. INTRODUCTION the Galactic plane (Winkler et al. 2003). One expects to find
Since its launch on October 17. 2002. the International TMXBs here, as they consist of a neutron star or black hole

Gamma-Ray Astrophysics LaboratoifNTEGRAL) has dis- accreting from a short-lived massive star, which would reot b

covered hundreds of new hard X-ray sources. According&xPected to move far from its birthplace in star forming re-
to the most recent census. of thes00 sources detected dions of the Galactic plane. Other instruments observing at

in hard X-rays at energies greater than 20 keV, 214 haglower energies could not easily find these because of the ob-
not been well-studied (or even detected in most cases) beScUring dust and gas in the plane. Furthermore, objects such
fore (Bodaghee et Al. 2007). These new sources are calle@S OPscured HMXBs, which consist of a compact object em-
“IGR” sources, forINTEGRAL Gamma-Ray sources. Of vedded in the stellar wind of a supergiant star, suffer ofascu
these IGR sources, 50 had been identified as active galact'on not only from the intervening medium, but also from Ibca

; : ; P bsorption (e.gl. Rodriguez etlal. 2003; Walter ¢t al. 2006)
tic nuclei (AGN), 32 as high-mass X-ray binaries (HMXBs), 39S0'P < : X
6 as low-mass X-ray binaries (LMXBs), and 15 as sources addition, INTEGRALhas found disproportionately many IP

such as cataclysmic variables (CVs), supernova remnantts, a C VS according to the previously known population statsstic
anomalous X-ray pulsars, leaving 111 unclassified. Sirige th SiNce they emit at these high energies more than non-magneti
last census, much work has been done to identify~t56% CVs or polar CVs|(Barlow et al. 2006). Currently, less than
of unclassified IGR sources (corresponding~85% of all ~ 10% Of known CVs are magnetic. The majority of these are
sources detected HNTEGRAL. Many have been identified  Polars, so called since they show polarization of opticad.flu
as AGN, LMXBs and HMXBs, as well as relatively rare sys- 1heSe are systems in which the white dwarf has a magnetic
tems such as heavily absorbed (i.e., “obscured”) supe{rgianf'eld strong enough to synchronize the orbital period of the

HMXBs, supergiant fast X-ray transients, and Intermediate Pinary with the spin of the white dwarf. Intermediate po-
Polar (IP) CVs (e.gl, Masetti etlal. 2009; Chaty ét al. 2008). 'ars have a weaker magnetic field that is not strong enough

INTEGRALIs particularly well suited for finding such sys- {0 cause synchronization, but they do display variabiltyca

t  Part ofNTEGRAls C P involved f ciated with the rotation of the white dwa}rf._ Of the at least 15
ems. Farto ore Frogram Involved scans o CVs detected byNTEGRAL, the vast majority are these rela-

1 Department of Astronomy, University of California, Berigl CA tively rare magnetic systems, with most of those being IPs.

94720-3411, USA (email: sbutler@astro.berkeley.edu) Identification of these unclassified sources requires ebser
? Space Sciences_Laboratory, 7 Gauss Way, University of @aid, vations of the source in the optical and/or infrared. TheSIBI
Berkeley, CA 94720-7450, USA (e-mail: jtomsick@ssl.béedu) imager onINTEGRALIs unique among hard X-ray/sofyt—

3AIM - Astrophysique Interactions Multi-échelles (UMR 7158

CEA/CNRS/Université Paris 7 Denis Diderof) ~CEA Saclay, &Y detectors in that it is able to locate point sources with a

DSM/IRFU/Service d'Astrophysique, Bat. 709, L'Orme des ridiers, accuracy on the order of arcminutes (Gros et al. 2003). To
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TABLE1
OBSERVATIONS: KITT PEAK OPTICAL SPECTROSCOPY
IGR Name Optical Counterpart RA (J2000) Dec (J2000) StaneT{uT) Exposure Time (s)
J16426+6536 USNO-B1.0 1555-0172189 M4®'03.99 +65°32512’ 2008 June 29, 4.0 h 3600
J18214-1318 USNO-B1.0 0766-0475700 "2B'1%5.72 -13°18'388’ 2008 June 28, 9.3 h 3600
J18308-1232 USNO-B1.0 07740551687 "a®4%.87 -12°32192’ 2008 June 30, 8.8 h 1800
J19267+1325 USNO-B1.0 1033-0440651 "2@"275.00 +13°22/044’ 2008 June 28, 10.6 h 8 600
J22292+6647 USNO-B1.0 1567-0242133 "29"13.90 +66°46519’ 2008 June 30,11.2h 827
2. OBSERVATIONS AND ANALYSIS B T T BT T L
We targetedNTEGRAL sources that had also been ob- : . ' e
served in soft X-rays, which allowed the position to be nar- -~ - "= ", . w7 e T
rowed down from thdNTEGRALerror circle (on the order ot "_'ll.._.- I e T T
of arcminutes) to less than 10 IGR J18214-1318, IGR aaiton e . .
J19267+1325, and IGR J18308-1232 were observed by the ", "« : = .. : o 0]
Chandra X-Ray Observatoryproviding positions with 90% S rr.
confidence uncertainties of@®¥’ (Tomsick et al. 2008 a, b . N -
and in preparation). IGR J22292+6647 was observesat i: pEt
(Landi et al! 2007), which reduced the position uncertaiaty . A
3.6”. IGR J16426+6536 has onéVIM-Newtonsource with Warr 2 o
a 1o uncertainty of 8 (lbarra et all 2008a) and tWROSAT - LR el tight
sources within theNTEGRALerror circle. Optical/infrared g I R by
counterparts for IGR J18214-1318 and IGR J19267+1325 +% ™. Li~

= Tan gt =
were reported with the X-ray observations. We searched the ~+=: TP e L
USNO-B1.0 and 2MASS catalogs for optical and infrared = J-M'ﬂ.t_ j L "y
counterparts to the other sources. IGR J18308-1232 and IGR = = el W g Tl i' :
J22292+6647 both have one optical/infrared counterpaet. T . . .
X-ray sources associated with IGR J16426+6536 have threq," 7 ag) indicated. The whie circie i thhancraertor orce of 064 -
possible optical/infrared counterparts, and we obserfied t Three 300s exposures are combined, and the imag¢'is 40" and oriented
brightest optical source in théMM-Newtonrerror circle. so north is up and east is to the left.

Images from the Digitized Sky Survey (DSS) showed a ditions were variable throughout each night, making the flux
clear counterpart for all sources except for IGR J182148131 calibration somewhat uncertain. We report fluxes using-a sin
A clear image of this source is seen in Figlie 1, from the gle observation of Feige 110 for calibration because isfall
medium resolution spectrometer TFOSQUEITAK Faint roughly halfway between the other observations in flux, pre-
Object Spectrometer and Camera) which is mounted on thesymably providing a good indication of the average condi-
Russian-Turkish 1.5 m telescope (RTT150) located at Thrkis tions. Note that using the other observations can change the

National Observatory (TUG), Antalya, Turkey. The camera flux measurements by up te15%. All lines and their param-
is equipped with a 2048 2048, 15:um pixel (0.39" pixel-1) eters are reported in Tabile 2.

Fairchild 447BI CCD chip. We took three 300s observations
ofthe field in B, V, R and I filters on 2008 August 22, and only 3. RESULTS
detected the source in the | band. After the standard bias and 31. IGR J16426+6536

flat correction, we obtained the instrumental | magnitude of
th t t usina DAOPHOT in MIDAS. W ied out IGR J16426+6536 has onéMM-Newtonslew source at
€ counterpart using " © caries Ol (32000) = 1817m22, §(12000) =—25°0838" (Ibarra et al.

point spread function photometry for the corrected image to : o
obtain the instrumental magnitude, and calibrated it by-com 2.008'3) and tWROSATsources within thd&NTEG_RALerror
circle. There is one USNO-B1.0 source within one of the

gag;g;g ftrr;%r?hagBltsul\?ce)?é)f.ghgaigl;g;nce stars, which WereROSATerror circles and none in the othgr. _ThMM-Newton

Between 2008 June 28 and June 30 we carried out specSOUrce has two USNO-B1.0 sources within it5(&o) error
troscopy of these targets with the RC Spectrograph on the 4ircle. We observed the brighter of the two sources (USNO-
meter Mayall Telescope at Kitt Peak National Observatory, B1.0 1555-0172189) in th€MM-Newtorerror circle.

We provide an observing log in Taile 1. We used a slit width __1NiS_spectrum has redshifted emission lines, including
of 1.5, and rotated the slit to the parallactic angle. The wave- Proad Balmer lines and narrow forbidden lines (Figure Za), i

length range covered from 4750 to 9500 , with a dispersion dicating that this source is a Seyfert 1 AGN. This is congguou
of ~3.4 /pixel and a resolution of 18 . with its position out of the Galactic plane, with Galactioco

; : ; ; .~ dinated =96.64°,b=+37.65°. To further classify the source,
After applying the flat field correction, subtracting thesia ; X ;

and dark current, and removing cosmic rays, we extracted theV€ use the scheme described in Winkler (1992), namely,
spectra with standard procedures in IRAF (Image Reductiontn€ ratio of the flux inH53 A\4861 to that in [ONIAS007,

and Analysis Facility). We observed arc lamps for wavelengt Where these are the laboratory wavelengths. After dered-
calibration immediately preceding and following each seur  d€ning the fpectra(l lines using the Galactic absorptiomfro
Checking against background sky lines, we find agreement teochlegeletal. [(1998) along with the extinction law from
within ~3. We also observed spectrophotometric standardCardellietal.(1989), we finé (4861)F(5007) = 15+0.1,

tars Feige 110 and BEB3 2642 for fi libration. Con- wh_ich makes this a Seyfert 1.5 galaxy. CaIcuI_ating thg red-
stars eige an orfiux caiibration. --on shift from bothH 3 and [OIlI]A5007 and averaging, we find

=
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TABLE 2
SPECTRALLINES OFIGR SOURCES
Line Quantit? J16426+6536 J18214-1F18 J18308-1232 J19267+1325 J22292+6647
(AGN) (HMXB) (CV) (CV) (AGN)
Ha EW 290+ 4° <43 26+1 64+1 760+ 20°F
Flux 13840.2¢ <01 77402 284402 27240.8°
it 8683+ 3¢ ... 6562+ 3 6564+ 3 7307+ 3¢
HB EW 46+ 2 97+13 49+ 2
Flux 20401 314+04 1541
it 6430+ 3 .. 4860+ 3 4859+ 3
H~y EW 25+3 e .
Flux 10401
Afit 5746+ 4
[O 1] \4959 EW 72+11
Flux 0.32+0.05
it 656043
[O 1] A5007 EW 32-1
Flux 14+0.1
it 662443 .. ...
O A7TT7277747775 EW 2404
Flux 124+02
it 7774+ 3
He | \4921 EW 41
Flux 11+04
Afit 4920+ 4
He I \5015 EW 51
Flux 154+0.3
Afit 50153
He | \5876 EW . . %6+0.6 124+1
Flux ... ... 14402 50402
it . . 5874+ 3 5876+ 3
He | \6678 EW . . B+05 82+04
Flux ... ... 12402 38402
it . e 6673 6678+ 3
He | \7065 EW 24+05 6.1+0.4
Flux ... ... 091+0.15 31+0.2
it ... ... 7063+ 3 706543
He Il A\5412 EW 85409
Flux 18+0.3
it .. . 5412+ 3

agW is the equivalent width in and line flux is measured in uaftdé0™1° erg cn? s, Errors are at the 68% confidence level and upper limits aitees®0%
confidence level. Note that the line flux is also subject tolth# systematic uncertainty in overall flux level, which ig mzluded here. The wavelength from
the Gaussian fit i3 tj;, and the error is dominated by the3 uncertainty in wavelength calibration.

bThe fitted wavelengths of the Paschen and He | absorptios éire\pg = 9234, \p1g = 9016, \p11 = 8865,\p12 = 8753, \p13 = 8669, \p15 = 8545, \py1 = 8501,
Ap17 = 8469, \He | = 8780.

®Ha is blended with [N 11] lines.

z=0.323+0.001. Though we did not observe all possi- FWHM velocity of the broad line region (froid 3), Vewum =
ble sources within théeNTEGRALerror circle, the identifi- 2000 km s, gives a black hole mass gy = 9x 10° M.
cation of the one we did observe as an AGN allows us to con-

clude that this is very likely the counterpart of tiNTEGRAL

source. We note that Masetti et al. (2009) came to similar con 32 IGR J18214-1318

clusions from their spectroscopic analysis. Although venid IGR J18214-1318 was observed Ihandra which

tify it as a Seyfert 1.5, while they find that it is a Seyfert 1,
; found one source a(J2000) = 1821™19%°.76, §(J2000) =
there were several months between the observations, and th|—13°18’38 9", coinciding with USNO-B1.0 0766-0475700.

level of variability is not unheard-of (e.qg., Tran etlal. 299 . ; 2
With a redshift ofz = 0.323, this source is at a luminos- The +>3(6ray szectr_Lém yields "’},0 Gcolu_mn densny O =
ity distance oD, = 1690 Mpc, usingdo = 70 km s Mpc™, (11739 x 107 cm* andl" = 0.7Z5¢. With a Galactic hydro-
O = 0.3, andQ, = 0.7. We calculate the mass of the super- gen column density oRy = 2.4 x 1072 cm?, this implies a
massive black hole using the relations describéd in Wul et al.local absorption oRy = (7-15)x 10°?cm?, which was sug-
(2004) and Kaspi et al. (2000). To use the relations, we recal gested to be from the wind of a high-mass star (Tomsicklet al.
culate the luminosity distance with the cosmological param 20083). This source was also observed Swift which
eters used in those papetds = 75 km s Mpc™?, Qu =1, fo_und a position and photon index consistent with th_at ob-
andQ, = 0. This givesD, = 1380 Mpc, from which we tained byChandra but a lower hydrogen column density of
find the luminosity inH 3 (dereddened as described above), Nu = (3.5:38) x 1072 cm™, indicating thatNy is variable in

Ly = 4.9 x 102 erg s1. Combining this with the rest-frame  this source!(Rodriguez et/al. 2009).
We find that the optical spectrum has a very reddened con-
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Fic. 2.— Optical spectra of (a) IGR J16426+6536, an AGN, (b)
IGR J18214-1318, an HMXB, (c) IGR J18308-1232, a CV, (d) IGR
J19267+1325, a magnetic CV, and (e) IGR J22292+6647, an AGH! la-
bels “IS”, “DIB”, and & indicate interstellar emission lines, diffuse interstel-
lar background, and telluric absorption lines, respelstive

This distance range is far too close to account for the oleserv
amount of extinction (assuming the optical extinction is in
terstellar). Furthermore, the spectrum lacks emissioaslin
while a CV would be expected to have strong emission lines.
These arguments allow us to rule out the possibility that the
source is a CV. Applying the same procedure to check for the
possibility of an LMXB, we combined the apparent magni-
tude, the typical absolute magnitude for an LMXR\ ~ O

and ¥ —R)g ~ 0 (van Paradijs & McClintock 1995)), and the
same range of extinctions. In this case, the distances range
from d = 300-28000 pc, which are not inconsistent with the
amount of extinction, but the source has a hard X-ray spec-
trum which would be very unusual for an LMXB (Muno et al.

tinuum (Figurd Rb). From this, we infer that the source is rel 2004).

atively distant, since significant reddening would be exgec
for a distant source in the Galactic plane=(17.69°,b =

These considerations allow us to conclude that it must be
either an HMXB or a symbiotic star system. In Figlie 3,

+0.48°). Convolving the spectrum with the filters from spectral shapes typical of both are interpolated from the co

Bessell (1990), we finV =222+0.2, R=193+0.2, 1 =

ors in|Ducati et al. [(2001) and plotted with extinctions of

16.6+ 0.2, where the errors are from the 15% systematic un- Ay = 5,7.5,10,12.5,and 15, using the extinction relations
certainty in flux. We note that the | band magnitude from from [Cardelli et al. [(1989). The infrared magnitudes from

the photometric observation made at TUG; 16.92+0.17,
agrees within the errors. We first consider the possibitigt t

DENIS and 2MASS (reported in Tomsick et al. 2008a) along
with the optical spectrum for the source are overlayed. &hes

the source is a CV. Combining the apparent magnitudes withshow that the data are consistent with a BOV star or an O9Il

typical absolute magnitudes for CMgl{ ~9and { -R)o~ 0
(Masetti et all 2009)) and a range of extinctions frégn=
5-15 mag results in distances that range frm4-440 pc.

star with extinction ofA, = 125-15. The model K2ll| star
spectra provide a worse fit to the data. The J-band magni-
tude requires an extinction &, ~ 7.5, while the optical data
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FiG. 3.— The smooth lines are spectral shapes of BOV, 09I, and Ktairs
interpolated from published colors with varying degreegxiincion. Start-
ing from the top line, the spectra are plotted wAih=5,7.5,10,125 and 15.
All are normalized to have the same K magnitude. The squarhsate the
DENIS magnitudes, and the diamonds indicate the 2MASS rhadgs of the
optical counterpart of IGR J18214-1318. The spectrum takéitt Peak is
plotted with dotted lines overlayed to indicate the upped Emwer bounds
due to the 15% uncertainty in flux calibration.

are consistent wittd, = 10-12.5. Further evidence support-
ing an HMXB is shown in Figurgl4, which is a close up of the
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FIG. 4.— Close up of the red portion of the spectrum for IGR J182B48.
The dot-dashed lines indicate where the Ca Il triplet wowdddzated. The
label “DIB” indicates the diffuse interstellar background

As a check, we indicate the positions of the Ca Il triplet with
the dot-dashed lines, and confirm that the absorption is more
consistent with Paschen lines. In addition, other Pasdhes |
(P12, P11, P10, P9) are clearly detected. We also note that th
upper limit on the equivalent width df« is consistent with
Ha equivalent widths of OB stars (Leitherer 1988). Thus, we
firmly identify the optical source as a high mass star.

The Galactic hydrogen column density combined with the
relationship between visual extinction and hydrogen col-
umn density detailed in_Predehl & Schmiit (199%), (=
0.56N4[10%'cm™?] +0.23) gives a visual extinction ofy, =
137, which is consistent with the extinction inferred from
colors for stars of type BOV and O9l. Considering a range
of spectral types and using absolute magnitudes from Cox
(2000) with Ay = 13.7, we find distances that range from
d =3-7 kpc for BOV to O5V stars and = 9—- 10 kpc for AOI
to O9l stars, giving an overall distance rangelef3—10 kpc.
However, using the general relation of & /kpc (Tielens
2005), the lower limit of visual extinction, = 12.5) implies
a distance of at least 6 kpc, suggesting that the most likely
distance range id = 6—-10 kpc. In addition, the observed
variation in hydrogen column density argues in favor of a su-
pergiant (and, therefore, a distance near the upper enatof th
range), since HMXBs with supergiant companions are known
to show variations in column density (Prat et al. 2008).

3.3. IGR J18308-1232

IGR J18308-1232 was observed Whandrg which
found one source a#(J2000) = 1830M49%°.94, §(J2000) =
-12°32'19 1”, coinciding with USNO-B1.0 0774-0551687.
The X-ray spectrum gives a hydrogen column density of
Ny = (3.1739) x 10P* cm? and T = 0.41*333, where the er-
rors are at the 90% confidence level (Tomsick et al. in
prep.). Note that this source is referred to as IGR J18307—
1232 inllbarra et al.[ (2008b), where they report kM-
Newtonslew-survey counterpart af(J2000) = 18304956,
0(J2000) =-12°32'18" with a 1o uncertainty of 8, consis-
tent with theChandraposition.

The optical spectrum shows Balmer, Paschen, and Hel lines

near-infrared region of the spectrum. Several Paschem@mbso in emission (Figuré]2c), all consistent with= 0. These
tion lines and one neutral Helium line are observed (althoug lines are typical of both CVs_(Warner 1995) and LMXBs
P14 is not observed). These lines are indicative of an O or B(van Paradijs & McClintock 1995), but the hard X-ray spec-
star (e.g., Carroll & Ostlie 2006; Munari & Tomasella 1999). trum is typical for a CV, and, as noted above, is not expected
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for an LMXB. Using the hydrogen column density and the 0.001. The broad hydrogen line indicates this is a Seyfert 1
aforementioned relation between column density and visualAGN.
extinction, we findA, = 2.0:12. Convolving the spectrum

as described in the previous section gives 17.7+ 0.2, 4. DISCUSSION AND CONCLUSIONS

R=171+0.2, andl =16.4+0.2. Combining the magnitude We have firm identifications of five IGR sources. IGR
and visual extinction with the typical values for CV abselut J18308-1232 and IGR J19267+1325 are CVs. They have dis-
magnitudes listed above, we fidd= 220183 pc.[Masettietdl.  tances on the order of a couple hundred parsecs, which is typ-
(2009) also identify this as a CV. They find a larger distance, ical of other CVs detected NTEGRAL(e.g., Barlow et al.
although it agrees within the uncertaintiesdof 320 pcas a 12006, Masetti et al. 2006). The column densities from X-ray
result of using USNO-A2.0 magnitudes (which are fainter for observations imply extinctions that are rather large given

this source) and a different method of calculating extoeti ~ distances we find. For example, IGR J19267+1325 is found

(which resulted in lower extinction). to have 1.4 magnitudes of extinction at a distance of 250 pc,
while typical average extinction i, = 2 mag kpc? (Tielens
3.4 IGR J19267+1325 2005). However, more reasonable distances and extinctions

. are feasible within the uncertainties. This could also mean
IGR J19267+1325 was observed Wyhandra which that some of the X-ray absorption is intrinsic to the source.

found one source ai(J2000) = 1926726°.99, 6(J2000) = The identification of IGR J19267+1325 as a magnetic CV
+13°2205 1, coinciding with USNO-B1.0 1033-044065. 5 not surprising, and, in fact, IGR J18308-1232 was also

Although the source for IGR J19267+1325 falls just outside jqentified as a magnetic CV by Masetti et al. (2009). As a

of the 90% confidencéNTEGRAL error circle, it was the  regyt of the hard X-rays emitted by magnetic systems, the
only bright X-ray sourpé:handrafound in the alrea._ZFlttlng majority of CVs detected bNTEGRALhave been magnetic
the X-ray spectrum giveBly = (2.140.9) x 10* cm™ and  (Barlow et all 2006) even though such systems only comprise
I'=0.68-0.13 (Tomsick et al. 2008b). ~ 10% of the CV population as a whol€NTEGRALobser-

The optical spectrum shows Balmer, Paschen, Hel andyations of CVs, therefore, unambiguously show that the mag-
Hell emission lines ar = 0 (Figure[2d). These lines, along nejc field plays an important role in the hard X-ray emission
with the hard X-ray spectrum, suggest a CV nature (e.9., o these systems.

Masetti et al. 2009). Furthermore, the Hell line and large \ye conclude that IGR J18214—1318is an obscured HMXB.
equivalent width ofHj3 (4.91 2) suggest a magnetlc’)CV It has an extremely reddened continuum, indicating much ab-
(Silbeli1992j. [Steeghs et al. (2008) and Masetti étlal. (2009) sorption along the line of sight, which implies a fairly larg
also identify this source as a probable magnetic CV. The gistance. It has absorption lines that are typical of a higlsn
equivalent widths reported by Masetti et al. (2009) match ou gtar and the observed colors and flux are consistent with an
findings EW,, =64+ 1), whilelSteeghs et al. (2008) find an  gytincted high mass main sequence or supergiant star (and th
equivalentwidth oHa equalto 120 . Based on two measure- yariaple hydrogen column density may argue for the latter).
ments from the INT Photometric H-Alpha Survey (IPHAS), | addition, the X-ray spectrum shows significant local ab-
they find moderate short term variability #ie of 0.1 mag,  sorption, which could come from a wind from a high mass
which is not large enough to explain the difference in equiv- star. An infrared spectrum may be one way to further classify
alent widths found, though there could be a larger maxi- {he companion star. The infrared suffers less extinctiam th
mum variability. Based on the detection of a periodicity in the gptical, and more features would be observable. A higher
Swift-XRTdata, Evans et al. (2008) confirm that it is @ mag- resolution spectrum would also be valuable in identifying t
netic CV, identifying it as an intermediate polar CV. Using luminosity and exact spectral class.

the hydrogen column density and the relation between vi- |t is instructive to compare the X-ray luminosities for
sual extinction and hydrogen column density mentioned pre-ihe above sources to typical HMXBs and CVs. In the

viously, we findAy = 1.4+ 0.7. Convolving the spectrum  chandraband (0.3-10 keV), IGR J18214-1318 has an un-
as described above, we find magnitudes/of 17.4+ 0.2, absorbed 0.3-10 keV flux of (687) x 1072 erg cm2 s

R=167+0.2, andl =158+0.2. We combine the magnitude  Tomsick et al 2008a). Taking a distance of 8 kpc, this re-
and visual extinction with the typical values of CVs above to gits in a luminosity ofLos-10 kev = 5x 10%¢ erg s%. This

find d = 250+ 80 pc._This distance is lower than that found s consistent with the average properties of neutron star
by Masetti et al.|(2009)d = 580 pc, for the same reasons as HvxBs given in[van Paradijs & McClinto¢K (1995). While

for IGR J18308-1232. the hard X-ray spectrum and luminosity argue for a neu-
tron star, detection of X-ray pulsations would be necessary
3.5. IGR J22292+6647 to rule out a black hole. IGR J18308-1232 f8§-10 kev =
IGR J22292+6647 was observed Byift which found a  (2-3:6%) x 107 erg cm? s (Tomsick et al. in prep.), which
source aty(J2000) = 2#29M13.5, §(J2000) =+66°46'51 8’, implies a luminosity ofLos-10 kev = 1.3 x 10°? erg s* with

coinciding with USNO-B1.0 1567-0242133. There is a radio our calculated distance (220 pc). TRéTEGRALflux from

source at this location (87GB 222741.2+663124), described20—100 keV 0fFz0-49 kev = 0.8+ 0.1 mCrab andrao-100 kev =

as an asymmetric double (Gregory & Condon 1991), which 1.0+ 0.2 mCrab (Bird et all 2007) implies a luminosity of

suggests this may be an AGN (Landi et al. 2007, 2009). ThisL20-100 kev= 9 x 10°* erg s*. We compare this luminosity

is congruous with its position out of the Galactic planehwit to known intermediate polar CVs in Suleimanov etlal. (2005)

Galactic coordinatels= 10956°,b = +7.69°. over the energy rangeD- 100 keV, assuming the flux from
The optical spectrum has a flat continuum dominated by the range where we lack data is of the same order as that from

one strong and broad emission line (Figure 2e). If we assumethe Chandrarange (a reasonable assumption, given the spec-

that the strong feature 3« we find a redshift og=0.1134+ tral shapes in the above paper). Our luminosity falls in the
range of known IP CVs, although it is on the low end. IGR
8 Seé hitp://asd.gsfc.nasa.gov/Koji.Mukai/iphome/is#uei. htm J19267+1325 is a similar case. lIts flux in tBBandraband


http://asd.gsfc.nasa.gov/Koji.Mukai/iphome/issues/heii.html
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FIG. 5.— The solid line is the number of Seyfert galaxies detbtigIN-
TEGRALand the dotted line is number of IGR Seyfert galaxies as difamc
of redshift (Bodaghee etldl. 2007). The arrows indicate |GR292+6647,
with z=0.113, and IGR J16426+6536, wit 0.323.

iS Fo.3-10 kev = (8.9+0.6) x 102 erg cm? s7* (Tomsick et al.
2008b), which implies a luminosity ofg3-10 kev = 6.7 X
10°2 erg s* with our calculated distance (250 pc). TINTE-
GRAL flux of Foo-40 kev = 0.7+ 0.1 mCrab and:40_100 keV =
0.6 £ 0.2 mCrab |(Bird et all 2007) implies a luminosity of
Loo-100 kev = 8 x 10°t erg §1.  Again, this results in a total
luminosity on the low end of the range of known CV lumi-
nosities. These low values could be an indication that the di
tances lie at the high end of our error range.

J16426+6536 and IGR J22292+6647 are considerably more
distant than average. In fact, IGR J16426+6536 is an in-
teresting case since it is the highest redshift IGR Seyfert,
though there is onENTEGRAL-detected Seyfert, PKS 0637—
752, with a higher redshift of= 0.651.

J. A. T. and S. C. B. acknowledge partial support from
Chandraawards G07-8050X and G08-9055X issued by the
Chandra X-Ray Observatofyenter, which is operated by the
Smithsonian Astrophysical Observatory for and on behalf of
the National Aeronautics and Space Administration (NASA),
under contract NAS8-03060. S. C. B. is partially supported
by a UC Berkeley Chancellor’s Fellowship and an SSL Sum-
mer Science Fellowship. E. K. acknowledges partial support
from TUBITAK, and Turkish National Academy of Sciences
Young and Successful Scientist award (GEB and Euro-
pean Commission FP 6 Marie Curie Transfer of Knowledge
Project ASTRONS, MTKD-2006-42722. We thank Hal Hal-
badel and Daryl Willmarth for their help at Kitt Peak and dule
Halpern for sharing optical images. This publication makes
use of data products from the Two Micron All Sky Survey,
which is a joint project of the University of Massachusetts
and the Infrared Processing and Analysis Center/Calidorni
Institute of Technology, funded by NASA and the National
Science Foundation. This research also makes use of the US-
NOFS Image and Catalogue Archive operated by The United
States Naval Observatory, Flagstaff Station and the Deep Ne
Infrared Survey of the Southern Sky (DENIS). We also used

IGR J16426+6536 and IGR J22292+6647 are Seyfert 1the Digitized Sky Survey, which was produced at the Space
AGN, and IGR J16426+6536 is further classified as a SeyfertTelescope Science Institute under U.S. Government grant

1.5 AGN. The 12INTEGRAL-detected Seyferts (which have
an average redshift = 0.033) and the 34 IGR Seyferts
(with average redshifz = 0.035) are plotted in Figurgl 5.
With redshifts ofz=0.323 andz = 0.113, respectively, IGR

NAG W-2166. The images of these surveys are based on pho-
tographic data obtained using the Oschin Schmidt Telescope
on Palomar Mountain and the UK Schmidt Telescope. We
thank the anonymous referee for helpful suggestions.

REFERENCES

Barlow, E. J., Knigge, C., Bird, A. J., Dean, A. J., Clark, D.Hill, A. B.,
Molina, M., & Sguera, V., 2006, MNRAS, 372, 224

Bessell, M. S., 1990, PASP, 102, 1181

Bird, A. J., et al., 2007, ApJSS, 170, 175

Bodaghee, A., et al., 2007, A&A, 467, 585

Cardelli, J. A., Clayton, G. C., & Mathis, J. S., 1989, ApJ53245

Carroll, B. W. & Ostlie, D. A., 2006, An Introduction to ModeAstrophysics
(2nd Edition) (San Francisco: Addison-Wesley)

Chaty, S., Rahoui, F., Foellmi, C., Tomsick, J. A., Rodrigu&, & Walter,
R., 2008, A&A, 484, 783

Cox, A. N., 2000, Allen’s Astrophysical Quantities (4th etlew York:
Springer)

Ducati, J. R., Bevilacqua, C. M., Rembold, S. B., & Ribeira, 2001, ApJ,
558, 309

Evans, P. A., Beardmore, A. P., & Osbhorne, J .P., 2008, TheoAsimer's
Telegram, 1669

Gregory, P. C., & Condon, J. J., 1991, ApJS, 75, 1011

Gros, A., Goldwurm, A., Cadolle-Bel, M., Goldoni, P., Ragrez, J.,
Foschini, L., Del Santo, M., & Blay, P., 2003, A&A, 411, L179

Ibarra, A., Kuulkers, E., & Saxton, R., 2008a, The Astronom&elegram,
1397

Ibarra, A., Kuulkers, E., & Saxton, R., 2008b, The Astronom@&elegram,
1527

Kaspi, S., Smith, P. S., Netzer, H., Maoz, D., Jannuzi, B&TGiveon, U.,
2000, ApJ, 533, 631

Landi, R., et al., 2007, The Astronomer’s Telegram, 1288

Landi, R., et al., 2009, A&A, 493, 893L

Leitherer, C., 1988, ApJ, 326, 356

Masetti, N., et al., 2006, A&A, 459, 21

Masetti, N., et al., 2009, arXiv:0811.4085

Munari, U., & Tomasella, L., 1999, A&AS, 137, 521

Muno, M. P., et al., 2004, ApJ, 613, 1179

Prat, L., Rodriguez, J., Hannikainen, D. C., & Shaw, S. EQRWNRAS,
389, 301

Predehl, P. & Schmitt, J.H.M.M., 1995, A&A, 293, 889

Rodriguez, J., Tomsick, J. A., Foschini, L., Walter, R., @&alirm, A., Corbel,
S., & Kaaret, P., 2003, A&A, 407, L41

Rodriguez, J., Tomsick, J. A., & Chaty, S., 2009, A&A, 4947R1L

Schlegel, D. J., Finkbeiner, D. P., & Davis, M., 1998, ApJ) 5825

Silber, A. D., 1992, Ph. D. Thesis, MIT.

Steeghs, D., Knigge, C., Drew, J., Unruh, Y., Greimel, R.,h& 1PHAS
Consortium., 2008, The Astronomer’s Telegram, 1653

Suleimanov, V., Revnivtsev, M., & Ritter, H., 2005, A&A, 43591

Tielens, A. G. G. M., 2005, The Physics and Chemistry of thergtellar
Medium (Cambridge: Cambridge University Press)

Tomsick, J. A., Chaty, S., Rodriguez, J., Foschini, L., WaIR., & Kaaret,
P., 2006, ApJ, 647, 1309

Tomsick, J. A., Chaty, S., Rodriguez, J.,Walter, R., & KaaPe 2008a, ApJ,
685, 1143

Tomsick, J. A., Rodriguez, J., Chaty, S., Walter, R., & Kadeg 2008b, The
Astronomer’s Telegram, 1649

Tran, H. D., Osterbrock, D. E., & Martel, A., 1992, AJ, 104, 6

van Paradijs, J. & McClintock, J. E., 1995, Optical and uwiinket
observations of X-ray binaries, in: X-ray Binaries, ed. W.Gd Lewin, J.
van Paradijs, & E. P. J. van den Heuvel (Cambridge: Cambtittgeersity
Press), 58

Walter, R., et al., 2006, A&A, 453, 133

Warner, B. 1995, Cataclysmic Variable Stars (Cambridgemi@alge
University Press)

Winkler, C., etal., 2003, A&A, 411, L1

Wu, X.-B., Wang, R., Kong, M. Z., Liu, F. K., & Han, J. L., 2004&A, 424,
793


http://arXiv.org/abs/0811.4085

