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ABSTRACT

Context. The H.E.S.S. Cherenkov telescope array has been survégr@alactic Plane for new VHE-L00 GeV) gamma-ray sources.

Aims. We report on a newly detected point-like source, HESS J4943. This source coincides with an unidentified hard X-rayrse
IGR J19443-2117, which was proposed to have radio and infrared cousntistp

Methods. We combine new H.E.S.SFermi/LAT and Nancgay Radio Telescope observations with pretiegjsion-simultaneous multi-wavelength
observations of IGR J19442117 and discuss the likely source associations as wellkgistierpretation as an active galactic nucleus, a gamma-
ray binary or a pulsar wind nebula.

Results. HESS J1948213 is detected at the significance level 0847 (post-trials) at RA(J2000¥ 19'43"558 + 15, + 15, DEC(J2000)
= +21°188" + 174, + 205, The source has a soft spectrum with photon inflex 3.1 + 0.3 + 0.25ys and a flux above 470 GeV of
(1.3 + 0.251¢ = 0.35y9) x 10712 cm2 s7L. There is noFermi/LAT counterpart down to a flux limit of & 10° cm2 st in the 0.1-100 GeV
energy range (95% confidence upper limit calculated for anrasd power-law model with a photon index 2.0). The data from radio to VHE
gamma-rays do not show any significant variability.

Conclusions. The lack of a massive stellar counterpart disfavors therpihgpothesis, while the soft VHE spectrum would be very walisn
case of a pulsar wind nebula. In addition, the distance estisnfor Galactic counterparts places them outside of thieyNVay. All available
observations favor an interpretation as an extreme, higipiency peaked BL Lac object with a redshift 0.14. This would be the first time a
blazar is detected serendipitously from ground-based VbHervations, and the first VHE AGN detected in the Galac&m®l

arXiv:1103.0763v1 [astro-ph.HE] 3 Mar 2011
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1. Introduction

N
N

The High Energy Stereoscopic System (H.E.S.S.) is an arfréyuo
imaging atmospheric Cherenkov telescopes situated in themiés
Highland of Namibial(Aharonian et al. 2006b). H.E.S.S. aodiration
has been conducting a systematic scan of the Galactic Ptaneasing
the survey sensitivity and expanding the catalog of venh légergy
(VHE, >100 GeV) sources with new intrinsically faint or distant ob- 215
jects. In the survey, which now covers most of the Galactan®las '
seen from the Southern Hemisphere, a rich population of VEIE®

tic sources has been discovered (Aharonian et al. 20056¢Z2@haves
2009).

The majority of known VHE sources are extended beyond the
~ 0.1° H.E.S.S. point spread function (PSF). The few sources
in the Galactic Plane that appear point-like are often assst
with VHE gamma-ray emitting high-mass X-ray binaries (HMXB
which include the very well established binaries PSR B1839-
(Aharonian et &ll_2005b), LS 5039 (Aharonian etlal. 2006d) a6
| +61 303 [(Albert etall 2006). The point-like VHE source HESS
J0632-057 is now a strong candidate for a HMXB system following a
recent multi-wavelength campaidn (Aharonian et al. 20Gitén et al. 19h4ém 19h44m 19h42m
2009). In addition several young pulsar wind nebulae (PWiNjud- RA (hours)
ing the Crab Nebulg_(Aharonian et al. 2006b), are also uhreddy
H.E.S.S. . Outside of the Galactic Plane the point-like sesiare as- _. . .
sociated with active galactic nuclei (AGN). More than 30 AGhostly F19-1. Excess map of the field around the position of
BL Lacertae (BL Lac) objects, have been detected in VHE gamaya HESS J1943213, smoothed by the PSF of the instrument (68%
up to noll. None have been detected yet serendipitously in the Galacgiontainment radius of 0.064 deg).

Plane survey.

Here, we present the discovery of a new unresolved VHE
gamma-ray source, HESS J19433, located in the Galactic Plane %0
and spatially coincident with an unidentified INTEGRAL soer 80;

DEC (deg)

21

IGR J19443 2117 (Bird et al! 2007). This paper is organized as fol-
o H.E.S.S.

lows. In Sect[R, we present the H.E.S.S. data analysis auitseln
Sect[B, we present the sources found within the H.E.S.Scsauror 0
circle and evaluate the plausibility of each of them beinganterpart }
of the H.E.S.S. source. This section also includes an asalf/archival s
INTEGRAL and Fermi data, as well as of data taken recently by the 40
Nancay Radio Telescope. Assuming that all these soureesoanter-
parts to the H.E.S.S. source, S&gt. 4 discusses the poasibeiation
of HESS J1943213 with an HMXB, PWN and AGN. The conclusions
are set out in Sefi.5.

Excess Events

0 0.02 0.04 0.06 0.08 0.1
62 [deg?
2. HE.S.S. data tdea’]
The source was initially discovered in the Galactic Plaremstata col- Fig. 2. Distribution of squared angular distan@8)(for gamma-
lected between 2005 and 2008. Dedicated observations we@mped |ike events and normalized background events. The dashed li
between May and August 2009. These observations were takesbi  denotes a point source profile.
ble mode, where the telescopes point in a direction typicalpnatfset
of 0.5° from the nominal target position. Thefset angle of the scan-
mode observations varies betwees’@nd 2. After applying selection
cuts to the data, to reject period§exted by poor weather conditions: . : :
and hardware problems, the total observation time used Halysis in which shower images of all triggered telescopes are coaop a

o : L re-calculated model by means of a log-likelihood minirtizza
amounts to 38.4 hours. This is equivalent to live-time of 882#burs P ; .
on axis due to reduced acceptance for runs (individual roatis ob- For the spectral analysis, on-source data are taken fromrca- Ci

. Pl i
servation segments of 28 minutes) taken with largefisets from the lar region of radius® = 0.01 ded around the source position, and

nominal source position. The mean zenith angle of the obtens is th_e background is subtracted using the event backgroua@sa"mz_ated
49 ’ with the reflected background model (Aharonian €t al. 20@@byhich

. . - everal @ regions at the same distance to the center of the camera as
The data were calibrated according [to_Aharonian etlal. (ROO 9

. : . . . ; he target position are used (excluding the region closkesoburce).
Energies are reconstructed taking theeetive optical ficiency into Atgtalpof No. = 281 on-s(ources e\?ents ar?ta& — 4086 df—sourzze
account|(Aharonian et al. 2006b). Event reconstructionsamaration events are me;snuFed The offisormalization fact[(r)r_i& = Qon/Qop =

. h . = Qon =
of gamma-ray-like events from cosmic-ray background weaelerus- 0.0379, whereQ is the solid angle of the respective on- arfiisource

ing theModel Analysisand standard cuts (de Naurois & Rolland 2‘.009)regions The observed excesNs = Nop — aNog = 126y-rays, cor-
. - n - )

. . ) responding to a significance of%- pre-trials standard deviations ac-
* supported by CAPES Foundation, Ministry of Education ofAira cording to Equation 6 from Li & Ma (1983).

** supported by Erasmus Mundus, External Cooperation Window In Fig. I we plot an excess map of the sky around the
*** supported by the European Community via contract ERC-StGHESS J1948213 position smoothed by the PSF of the instrument. The
200911 angular distribution of events shown in Aig. 2 is consisteitt that of a

1 Based on the online catalog for TeV Astronomy TeVCat locatied point source. After correcting for trials (Aharonian ef2006¢) the sta-
http;//tevcat.uchicago.edu, provided by Scott Wakely & Deirdredtio tistical significance of the detection is9é. A fit of a point-like source
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LI S S I """"""""""""""""""""""""" based on the run-by-run lightcurve. The dashed line coored®
e I J I to the 1% chance probability level. Bottom: distribution of
2 T power, adjusted by an exponential distribution. In the aafse
A= 1 I 1 a pure white noise, a slope of -1 is expected.
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Fig.3. Time-averaged VHE spectrum observed from =25 HESS t Mean 02613 $004035
HESS J1943213. The shaded area represents the cbn- LOE e
fidence level of the fitted spectrum using a power-law hy-«* **F
pothesis. Only the statistical errors are shown and the ruppe2 ' %
limits are 68% confidence level. The lower panel shows theg e f 4l ¢ ?”
residual of the spectrum fit, which are theffdience, in each 7 °t I # 1
reconstructed energy bin, between expected and observi®** SO0 mal0  sM00 saon mw0 w0 o
number of excess events, normalized to uncertainty on ttexla i oz |
((Nobs - Nexp)/ANexp)- :"’ 2; H.E.S.S.

Ng. 1,5;
5
3 osfE 1
convolved with the H.E.S.S. PSF of the excess yields a posétt the F e L”'H """""""" . i1
68% confidence level, RA(J2008)19'43"55°+ 13+ 15, , DEC(J2000) & osE , ‘ ‘ ‘ n ,
= +21°188" + 17/,,+ 20, The source is located in the Galactic plane SN0 SR SO0 SN0 e S v
atl = 57.76° andb = —1.29°. The intrinsic source extension, calculated_.
at the best fit position is smaller thar82at 3 confidence level. dF'g- 5. Integral fluxI(> 1TeV) of HESS J1948217, measured

Figurel3 shows the time-averagedreliential spectrum which was PY H.E.S.S. during each observing night (top) and averaged
derived using the forward folding technique with an energsesh- P€r month (bottom). Only the statistical errors are showre T
old of 470 GeV. Between 470 GeV and 6 TeV this spectrum is dashed line corresponds in each case to the best fit to a nbnsta
well described (Log-likelihood chance probability 45%) &ypower- level.
law dN/dE = ®o(E/1TeV) ™" with photon indeX™ = 3.1+ 0.3+ 0.25s
and normalization at 1 TeWy(1TeV) = (5.6 + 0.8star + 1.15y) X 10 3
cm? st TeVvL. The 68% confidence level upper limits for the four
highest-energy bins shown in FId. 3 were calculated usiegribthod 3. Counterparts
of [Feldman & Cousins (1998). The integrated flux above 470 @GeV

I(> 470GeV) = (L3 = 0.24a + 0349 X 1012 cmr2 s which corre- We searched for possible H.E.S.S. source counterparts umder

sponds to- 2% of the Crab Nebula flux above the same energy thresPf: adio, IR, optical and X-ray catalogs. Talile 1 containe fosi-
old (Aharonian et al. 2006b). In Fil 4 we show a Lomb-Scapglé- tion and spectral information with uncertainties for eachirse dis-
odogram for HESS J194213 and in Figb lightcurves. There is noCUSS€d in this section by reason of finding them plausibletespart of
significant variability in the data with chance probabégiof the null HESS J1948213..F|g|3 shows the H.E.S.S. source position confidence
hypothesis of steady emission respectively of 10.4% anth6c? the contours along with the candidate counterparts positions.
night by night and month by month lightcurve (using stattiuncer-
tainties only).

All the H.E.S.S. results presented in this paper have beesser
checked with an independent calibration procedure anflereint back- The H.E.S.S. source is located within the error circledj4of an
ground discrimination method (Ohm eilal. 2009). unidentified hard X-ray INTEGRAIIBIS source IGR J1944@117,

3.1. X-ray counterpart
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Table 1. The multi-wavelength fluxes and flux upper limits of potehti@unterparts of HESS J194313.

Observatory Band RA (J2000) DEC (J2000) Positon 6©® ao=T-1 Flux Ref.
[hhmmss.ss] '] Error 90% ] [erg cnT? s
NVSST 1.4 GHz 194356.14 +211826.9 O45/,056° 247 032+0.02™ (144+005)x10°® a b
NRT(® 1.4 GHz 194356  +211826  18® 228 06+02 (1552 0.02) x 10715 (12
2MASS? 2.2 um (K) 19 4356.244 +211823.38 <0.2" 232 - 237 x 10712 (1213) c
Swif/UVOT 054um (V)  194356.20 +211822.95 - 225 - <16x 107180219 g
ROSATHRI® 0.1-2keV ~ 194356.2 +211824 6 232 -4 (3.82+055)x 101114
Chandra® 0.3-10keV ~ 194356.23 +211823.6 (B4’ 232 083+0.11 (2928 x 10 e
Swif/XRT® 2-10 keV 194356.20 +211822.95 &3’ 225 104+0.12 (1832004)x 10 f,g
Swift/BAT® 15-150 keV ~ 194354.35 +211808.2 B8 91 - (18+02)x 10 h
Swift/BAT®) 14-195keV 1943552 +211807.2 - 29 1'% (2993 x 101 k
INTEGRAL/IBIS”)  20-100keV ~ 194409.36 +2118252 & 201 1124022 (112£022)x 10" g,i
INTEGRAL/SP(?  100-200 keV ~ 194423.13 +211636.4 - 404 <26x101 j
Fermi/LAT 0.1-100 GeV 194356.23 +211823.6 - 232 909 <7x1012
Fermi/LAT 0519 <1x10%2
H.E.S.S. >470GeV 194355  +21188 340 215 0 21+0834m* 02y (182000 x 10742

Notes. (1) NVSS J194356211826; (2) 2MASS J19435622118233; (3) 1RXH J194356+211824; (4) CXOU J194356+211823; (5)
SWIFT J1943.52120; (6) PBC J1943:2118; (7) IGR J194482117; (8) Error for right ascension only; (9) Angular distarirom the centroid
of H.E.S.S. source position; (10) Spectral index given flar@mbined radio measurements between 327 and 4850 Mtz lis SPECFIND V2.0
(Vollmet[2009); (11) Hardness ratio Rate(30-150 k@®ate(14-30 keV):= 1.0 + 0.4; (12) EF(E); (13) The flux is not corrected for extinction;
(14) Unabsorbed flux obtained from ROSARI count-rate using a Mission Count Rate Simul&®DdMMS, assumingNy anday identical with
Chandra. The flux error includes uncertainties Nf; anday; (15) The spectral index was assumed for upper limit catmra

References. (a)IQQndQn_el_dlL{,lQQS) (o) Vollmier (2009); (c) Skrutskigk (2006); ( LBQ_SAT_S_QLQDIJILCledUh:L(ZOOO KE)M

(f) Malizia et al. (2007); (g) Landi et al. (2009); (h) Cusumeeet al. [(2010); (i) Bird e1 all (2010); (i) Bouchet et m (k). Baumgartner et |
(2011).

the centroid position of which is about 3.3 arcmin away frdme t power-law model fit yieldg/?/dof = 3/5. There is no evidence for a
H.E.S.S. position. A counterpart to IGR J1942317 was detected cut-of in the BAT spectrum.

in the soft X-ray domain byChandra (CXOU J194356.2211823;
TQmsiQk etal[ 2009) and Swift (SWIFT J19435120; [ Landi et al.
[2009) with exposure times of 4.8 ks and 11 ks, respectivehe Tergy band, and with individual points corresponding to @abe2000

same X-ray source was detected in the past by RQISRT (1IRXH

The public archival INTEGRAL data were analyzed to obtain a
lightcurve. The IBIS lightcurve was constructed in the 18kéV en-

S (INTEGRAL science window). We used the same methods a® thos

J194356.2211824, exposure 1.3 ks, ROSAT Scientific Téam 2000) used in the construction of thé"4IBIS Catalog [(Bird et dl[ 2010).
The combined power-law fit to SWiXRT and INTEGRAL/IBIS Individual science windows that had exposures of less tif#hs5or
data gives a spectral inde(xx = 1.04@ and fluxesF,1ocey = Where the source was at a largé-axis angle # 12° where the in-
1.83 x 10 erg cm? s, Fooiookev = 1.12 x 1071 erg cm? s strument flux calibration is not optimized) were excludednirthe
[2009). Wlthln the error of the cross-calibpaticonstant lightcurve. This produced a lightcurve of 1295 observatj@spanning
between XRT and IBIS equal.®) the IBIS data is in agreement withMJD 52704.16-54604.20, with a cumulative exposure26 Ms. The
that of XRT. source is detected at 5:3n the 18-60 keV band with a weighted mean
The Chandra observation (performed two years later in 2008), ifux of 0.6 + 0.1 mCrab; consistent with the reported catalog flux of
consistent Wlth the Swift results and giv€ss 1oy = 2.9 x 1071 . [201D0). The source is weak and its lightcurve impatible
erg cnt? 57! with a spectral indexx = 0.83 (Tomsick et d[. 2009). The with Whlte noise. Fitting the constant to the lightcurvelgiey?/dof=
oldest soft X-ray observation of the source comes from RQBRT. 1.2 for 1293 dof.
The Mission Count Rate SimulatBIMMS was used in order to obtain Based on the facts that the ROSARI, Chandra, Swift/XRT and
the flux from the HRI count-rate. Assuming a hydrogen colurensity INTEGRAL/IBIS fluxes (within the error range of the cross-calibration
(see Secf_312) and spectral index identical toGhandra source, the constant) are constant and consistent with each otherthib®OSAT,
flux equalsFgi_sev = 3.82x 1071t erg cn? s72, this is in agreement Chandra and Swift sources are only 23away from the centroid of
with both Chandra and Swift fluxes within errors. the H.E.S.S. source position, and that there are no othatifigel X-
The INTEGRAL/SPI observations provide an upper limit on thé@y sources in the H.E.S.S. error circle, we conclude thegetX-ray
source flux above 100 keV dF.iooev < 2.6 X 107 erg cm? st observatories detected the same object and that this abjeclvery
(Bouchet et dl| 2008). An X-ray source consistent with albwab likely counterpart to the H.E.S.S. source. Assuming thgoeisition is
X-ray observations is also present in the SBAT hard X-ray Ccorrect, in the following, we adopt théhandra source location with
Catalog (PBC J1943+2118]Cusumano et/al. 2010) wih4_15okeyv = its uncertainty for evaluation of potential counterpartdR and radio
18 X 1011 erg crrT2 s1, and in the 58 months SwWiBAT catalog bands.
rtner 1) Withy4 105kev = 2.86 x 107t erg cm? st
and ax = 1.08. A power-law model fit to the spectrum provided b
ww, E(_Qlﬂ)ylelds ¥2/dof = 2.4, pwhereasp a cuth y3 2. IR, optical and UV counterpart

The 2MASS Catalog lists 19 infrared sources within the 90%.5.S.

2 o =T - 1; in the following, the subscript of spectral indexde- error circle, however only one faint unidentified source 288\
notes a single waveband with R for radio and X for X-ray; or @eaor J194356242118233 is situated within the smahandra error circle
waveband with RX for a band extending from radio to X-ray, R@vf  (Skrutskie et dl. 2006; Landi etlal. 2009; Tomsick et al. 200%ie an-
radio to optical and OX from optical to X-ray. gular separation between tf¥handra position and the 2MASS object

3 httpy/heasarc.gsfc.nasa.gdwecgswift/resultghs58monp is 0.3”. The source is viewed across the Galactic Plane, therefere,
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3.3. Radio counterpart

There is only one radio source in the NVSS Catalog within tHe.8.S.
error circle (NVSS J19435611826{ Condon et 4l. 1998). It is located
247" away from the best fit H.E.S.S. source position aftd om the
Chandra source position. Although th€handra source is outside of
the NVSS error circle<£ 0.5”), it is still well within the radio PSF
of 45”. The radio source has been detected by various survey pro-
grams between 327 and 4850 MHz at positions whidfiedfrom NVSS
by 177 — 40" (Taylor etal.[ 1996; Gregory etial. 1996; Reich €t al.
[1984; Furst et al. 1990; Becker ef al. 1991; Gregory & Cond881i
[Griffith et al.[1991). The spectral index calculated for nine comdbi
measurements isz = 0.32 (Vollmel{200B) and the source flux density
measured by NVSS at 1400 MHz is 162mJy {Condon et al._1998).
There is no evidence for flux variation over the 12-year tipensof the
collected data.
Between March and May 2010 the radio source was monitored by
the Nancay Radio Telescope (NRT), a meridian transit tefes with a
main spherical mirror of 300 m 35 m [Theureau et &l. 2007). Thirteen
21.28- | observations were performed at two frequencies 1419 an? RB%z.
19h44m00s 19h43m55s 19h43m50s The data proce;sing cqnsistepl of selecting the best d@ﬁssgback-
ground subtraction, straightening of the baseline by pmiyial fit and
RA application of a median smoothing. The calibration wasexigd by
the observations of the radio sources 3C123, 3C196, 3CAPHS

Fig. 6. The dot-dashed lines correspond to (from the innermogﬁﬁ'h23 with the S?n:.et.setll’p as tfhe mlclalinbtargetf o am
68%, 95% and 99% best fit confidence level contours for the € average statistical error for all observalionsdg, = 4 mJy.

e . e systematic errorsss = 17 mJy at low frequency and 10 mJy
HESS J1943213. The positions of the possible counterparraﬁ high frequency, take into account the uncertainty in thekground

are indicated: the partial circle in grgéght grey is the (large) gptraction and baseline contamination by secondary beFinesfor-
INTEGRAL error circle for IGR 194482117; the refrey  mer mostly #fects the low frequency observations due to larger beam
solid circle is radio beam size with NVSS J1943231826 size (more background sources are found within the beantHegeith

in center; the blugrey dashed circle is the NRT position; thehe source of interest). The 3-months lightcurve is coristaimin the
small magent@rey solid circle is the ROSAT 90% positionrange of systematic errors. The constant fit to the datagjélttof< 1
circle with 1IRXH J194356.2211824 in center; the triangle isat both frequencies. The average fluxes at low and high frexyuare
used for NVSS position; the blue square is used for BAT pd11+21 mJy and 86 14 mJy, respectively. The average spectral index

sition: the star is used for both CXOU J194356221823 and iSar = 0.59+0.16. The low frequency flux is in agreement with NVSS
2MAéS J194356242118233. but the spectral index is somewhat higher than the archbsgivations.
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3.4. Fermi/LAT data

IR and optical fluxes are stronglyffacted by extinction. The magni- The primary instrument onboarBermi, the Large Area Telescope
tude lower limits in the J and H bands are 14.53 and 13.36,e0esp(LAT) is an electron-positron pair production telescogttiring solid
tively, and the source magnitude in the K band is 13.98. Tivelldimit  state silicon trackers and caesium iodide calorimetersitee to high-
on optical and UV magnitudes of the source from Si¥{OT obser- energy (HE) gamma-ray photons from 20 MeV to > 300 GeV
vations areV > 203 andUVM2 > 215 (Landietal[2009). Based (Atwood et al[ 2009). The data were nominally taken in summde;
on maps of Galactic dust infrared emission_of Schlegellef®I98), the observatory is rocked north and south on alternatesosbithat ev-
the extinction cofficients in the direction of the source ahg¢ = 8.96 ery part of the sky is observed fer30 minutes every 3 hours.
mag,A; = 249 mag,Ay = 1.59 mag,Acx = 1.02 mag for a color ex- The LAT analysis dataset spanned MJD 54682.7 - 55319.4, cor-
cessE(B - V) = 2.81+ 0.25. The extinction corrected magnitudes areesponding to a period of 21 months. The data were reduced and
Vo > 1134,J, > 1204,Ho > 1177,Ko = 12.96. The extinction correc- analyzed using th€ermi Science Tool9r15 package. The standard
tion of the UV magnitude, based on extinction curves of Cléiréieall  onboard filtering, event reconstruction, and classificatiere applied
(1989), givesUVM2, > 26.04 mag. to the datal(Atwood et 4l. 2009), and for this analysis théjgality
The measured color excess corresponds to a hydrogen cokmn qdiffuse”) photon event class is used. Throughout the analysss, t
sity Ny = (1.53+ 0.02) x 10?2 cm2 (Predehl & Schmitt 1995), which "Pass 6 v3 Difuse” (P6_V3_DIFFUSE) instrument response functions
is higher than theé\y; measured by the survey of Galactic neutral hyare applied.
drogen, (84 +1.3)x 10?* cm? (Kalberla et all. 2005). Thhl, obtained Events between 0.1-100 GeV from a 10 degree region of inter-
from X-ray Chandra and Swift spectra are @9°35%) x 10°” cm™? and  est centred on th€handra X-ray counterpart to HESS J194313
(1.37°513) x 1072 cm? respectively[(Tomsick et Al. 2000; Landi et al.were extracted and a maximum likelihood analysis was perdoron
[2009), thus consistent with the column density obtainednfrdust the data using thetlike tool. A model was constructed contain-
maps. Therefore, there is no conclusive evidence that tlxeofidthe ing all the point sources within 5hat are listed in thé-ermi/LAT
X-ray source is intrinsically absorbed (in spite of obseri being 1FGL Catalog[(Abdo et al. 2010a); the point sources were iteatle
in excess of Galactic neutral hydrogen measurements). oweust by a single power-law function and their parameters wereeinoto
maps used to calculate extinction may not be precise at Galat- those reported in the 1FGL Catalog unless they were withincf0
tudes lower than(Schlegel et dl. 1998). HESS J1943213. Also incorporated were the currently recommended
The potential IR counterpart to IGR J194481.17 was observed models for the Galactic fiuse emission gl1l_iem v02.fit) and
at ESO by Masetti et al. (private communication, publicaiio prepa- isotropic backgrounds; the Galactididise emission is fit with a power-
ration), during a campaign aimed at identifying INTEGRALustes. law scaling. As HESS J194213 does not appear in the 1FGL Catalog
A preliminary IR spectrum of 2MASS J19435622118233 obtained an additional source was inserted into the model aCttendra source
with Sofl spectro-imager at NTT (Moorwood etlal. 1098) isvigared-  location assuming a power-law spectrum. The likelihoodlyesis re-
dened and does not show any readily apparent emission lines. veals that no significant source is detected atGhandra source loca-
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Fig. 7. Spectral energy distribution of the sources discussedétiFBelhe details of the data and sources used in this plgieea
in Table[d and in Sedf_3.2. The dashed black line is the sgi¢etnplate of elliptical galaxies from Silva et al. (1098palistance
of 570 Mpc. The dotted (red) line is the blackbody spectrura ofassive star with parameters identical with the compastamin
the gamma-ray binary LS 5039 at a distance of 25 kpc. The ddR({2MASS) and visual (SwifuVOT) bands were corrected for
extinction. ForFermi/LAT we plot both upper limits fol" = 1.5 (dark brown) and" = 2.0 (light brown).

tion i.e. at the best estimated position of the potential BHE943-213

a class is still limited. Known gamma-ray binaries are aliossources

counterpart. The 95% 0.1-100 GeV flux upper limits calcalatsing with spectral indices at GHz frequencieg ~ 0 - 0.5 (Johnston et al.
|Ribo et &

a Bayesian approac
sumed spectral indelk = 1.5 and< 6 x 10° cm 2

991) arg x 109 cm?2s!foranas- [1999;

009). H'D(elay

s1 for an assumed spectra are hardv ~ 0.4 — 1.0) with no cutdts up to MeV energies
spectral index” = 2.0. It should be noted that thIS is a highly complex(e.g.,[ Takahashi et &l. 2009; Smith etlal. 2

2009).

crowded region in which there is a large contribution from @alactic The softest VHE spectra belong to L$61 303 { = 2.7 + 0.55 +

diffuse emission.
Both upper limits are shown in Fig 7, where the limit for= 1.5

0.25ys, [2008) or PSR B1259-68 & 2.8 + 0.24ar + 0.2ys,
Aharonian et al. 2009). In LS 5039 the photon index changéis thie

is plotted in dark brown, anHl = 2.0 in light brown. The comparison of orbital phase between.85 + 0.25 and 309 + 0.47 (Aharonian et al.

the Fermi/LAT upper limit with the flux measured by H.E.S.S., implie20064a). The binaries LS 5039, L$61 303 and PSR B1259-63 have
a break in the HB/HE gamma-ray spectrum located between 100 Gebkeen detected biyermi/LAT and the emission of the former two shows

and 500 GeV (or even higher if the spectrum is attenuatedégtira-
galactic background light), and a hard HE spectrum With 2.0.

4. Discussion

a cutdf at a few GeV, suggesting at least two components are required
to explain their HE and VHE gamma-ray emissi
[2010F). No HE counterpart has been found for HESS J8632.

The radio, X-ray and VHE spectral properties of HESS J1243
and its possible counterpart are compatible with what issnto date

The positional coincidence between the new VHE gamma-rayceo about gamma-ray binaries. The detection of orbital mothnatvould
HESS J1943213 and a radio, IR and X-ray source together with thérmly associate HESS J194313 with a binary. However the lack
lack of any other obvious candidate counterpart stronggests an of modulation in any of the spectral bands does not disqudlie

association. Figurgl 7 shows the spectral energy distdbl(SED) of
HESS J1948213 together with the radio, 2MAS&handra, Swift,

HMXB scenario, since for example no modulation has beenctide
in HESS J0632057.

INTEGRAL, andFermi data. The data are not simultaneous but no sig-  All known gamma-ray binaries have a bright, massive stamgzom

nificant variability was found within any energy range, tfere, we
proceed with a contemporaneous discussion of the entieselafrom
radio to VHE gamma-rays.

Based on the X-ray, IR and radio properties of IGR J19413 7,
ILandi et al.|(2009) and Tomsick et al. (2009) argued brieffiaimour of
its AGN nature. The detection in VHE gamma-rays helps plagteer

ion (O or Be spectral type) dominating the SED in the opfiBaband.

Identifying the infrared source with a massive star woulggiredence
to the identification as a binary. Furthermore, comparirggfthixes to
those of the massive star in the gamma-ray binary LS 5039 [@ig
the IR data are consistent with a massive O star only if itedie is
> 25 kpc, i.e. if it is located beyond the edge of our Galaxy itrad

constraints on the source nature. Because of its pomtalﬂpearance ~ 15 kpc) which is un||ke|y for a massive star. S|m||ar|y’ Ccm]pg to
in VHE gamma-rays, the source is most likely an AGN, a gamaya-T the Be counterpart of PSR B1259-63 (the least luminous amdetst

binary or a PWN (see Sect. 1). All options are discussed belidight
of the multiwavelength properties presented in Jdct. 3.

4.1. Gamma-ray binary

hot among companions of known gamma-ray binaries) the |divwétr
on the distance is 22 kpc. A large distance would also imply a 1-10
keV X-ray luminosity of about 1% erg s* whereas known gamma-ray
binary luminosities are about 30- 10> erg s*.

Such a high X-ray luminosity can be explained if the source is

The point-like appearance of HESS J19233 in VHE gamma-rays accreting but, if the source is powered by a pulsar as in PSEE®1
and its location in the Galactic Plane may suggest a gamgndira 63 and based on the observed correlations in pulsar windlaebu
nary. With a handful of known systems, knowledge of thesecasuas (Mattana et gll_2009), this would require the spindown poafethe
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pulsar to be higher than that of the Crab:x 10° erg s®. Finally, [Urry & Padovani 1995). The spectral energy distributiéh of blazars
the possibility that the massive star is strongly obscusediftumstel- is characterized by two non-thermal components: one pgakirthe
lar material, as found in several high-mass X-ray binarigiected by UV to X-ray range, commonly interpreted as synchrotron eiois
INTEGRAL, appears unlikely as the X-ray derivél, column density from highly relativistic electrons accelerated in the gtd a second
(see Secf_312) is smaller than what is typically found irs¢éhgystems peaking in the gamma-ray regime being due to inverse Comg@n
(e.g/Rahoui et al. 2008). scattering of low-energy photons. Low-energy photons heesyn-
Despite the general similarity of the radio to X-ray SED betw chrotron radiation emitted either by the same populatioelettrons
HESS J1943213 and known binaries, the lack of a plausible massikgynchrotron self-Compton, SSC), or ambient thermal ph¢éaternal
stellar counterpart in the optighR is the main argument which disfa- Compton). The Doppler-boosted emission from the jet dotegthe
vors the binary hypothesis. The secondary argument aghim&tinary SED. When blazars are arranged according to their lumiypdbi peak
hypothesis is the lack of orbital modulation in any of thedmn energy of both components is found to be anti-correlateld wininos-
ity. High-frequency peak BL Lac (HBL) objects occupy the &stend
of the blazar luminosity sequence with the two spectral comepts
4.2. Pulsar wind nebula peaking in X-rays (usually in the 0.1-1 keV range) and at 860
GeV (Fossati et al. 1998). With the IC component peaking atHEL
objects are the best candidates for VHE sources, and intieecldss
constitutes the majority of the current population of VHERG

When the wind ejected from a rotation-powered pulsar is cexfi
by the pressure of the surrounding medium (supernova refmoran
compressed interstellar gas), a PWN is created. PWNe tutestin . . . .
abunpdant class of VHE galrzlctic sources detected by Chevemler ~_BL Lac objects are characterized in the optitalband by their
scopes. Among them a number are unresolved elliptical host galaxy and have featureless optical spedtherefore,
20054 Diannati-Atar . 2008: Acciari el al. 2010) limiing one of while the available preliminary N.TT. spectrum does not glmanlte
the most powerful, the Crab Nebula (Aharonian ét al. 2006b). answer, the apparent lack of emission lines supports aifatasion of

In general, the SED of PWNe consists of a broad synchrotré-rhESS 11943213 as a BL Lac object.
component extending up to high X-ray energiesMeV) and an in- If the 2MASS IR counterpart of HESS J194313 is an elliptical
verse Compton component at HE and VHE enerdies (GaensleageS| host galaxy, its flux can be compared with a template spectiuthe
2006). If HESS J1948213 is a PWN, its gamma-ray (1-30 TeV) to X-elliptical galaxies, (e.d. Silva etlal. 1998). The meastikedin K band
ray (2—10 keV) flux ratio of @4 implies that the nebula is very youngand the flux upper limits in thel, J andV bands, corrected for extinc-
~ 10% yr, and that it contains a pulsar with a spindown poler 10% tion, are consistent with an elliptical galaxy located atstatce> 570
erg s* (Mattana et al. 2009). The highis also supported by the X-ray Mpc (z 2 0.14). This is a lower limit on the distance since non-thermal
photon indexI'x =~ 2) (Gotthelf 2008). emission from the jet in a BL Lac object contributes a largetion of

The estimated PWN age arffl is similar to the Crab Nebula. the opticaliR flux. At such distances, absorption of VHE gamma rays
Assuming that the luminosity of HESS J194813 is comparable to On the extragalactic background light is expected to sigauifily soften
the Crab Nebula, we are able to estimate an approximate Uipgier the VHE spectrum. The observed H.E.S.S. spectrum is indeielspft
on the source distance. The low VHE flux of HESS J1€283 being (Photon index of 3.2). The distance also sets the peak Xerayrlosity
only 1.5% of the Crab Nebula (at 2 kgc; Trimible 1973) flux, irepl to be> 10* erg s*. This is relatively high for a blazar but still consis-
a distance of 16 kpc. A comparison with the remaining unresolvedent with spectra of BL Lac objects (Donato elfal. 2001).
PWNe, which are also young but less luminous (10-15% of tieCr  Broad band spectral indices are derived from the obsensfior
Nebula luminosity), would place HESS J1943.3 at a moderate dis- an assumed host galaxy spectrum and compared to the typicasy
tance of about 6 kpc. found in blazars. The indices are definedvag = — log(Fo/Fr)/5.08,

The young age of HESS J194313 in the PWN scenario is aox = —log(Fx/Fo)/2.6,arx = —log(Fx/FRr)/7.68 whereFg, Fo and
consistent with it being unresolved for H.E.S.S. . Howewf,the Fy are the diferential fluxes (per unit frequency) at 5 GHz, 5000 A,
unresolved VHE PWNe are extended in X-rays (Weisskopflet aind 1 keV respectively (Tananbaum ef al. 1979). For HESS3}2¢3
[2000] Ng et al. 2008; Matheson & Safi-Harb 2010; Temim &t @l(30 the indices arerro = 0.36, aox = 0.96 andaryx = 0.56. When com-
whereas HESS J194213 is point-like as observed bghandra pared to the values afro and aox measured for a large group of
(Tomsick et all 2009). Two unidentified H.E.S.S. sourcesstiigely  blazars (e.g. Fig. 12 in_Plotkin et/al. 2010), HESS J113 would
associated with bright X-ray pulsais (Aharonian et al. 20G6e em- be classified as a radio loud, X-ray strong HBL object. Théorémld
bedded within very faint diuse X-ray PWNe, these are HESS J1837elassification of HESS J194213 is also supported by the value of
069 (AX J1838.0-0655, Gotthelf & Halpefn 2008) and HESS 86161logRy = log(vLecm/L2-10kev) = —3.7, Where the radio loud sources are
508 (PSR J1617-5055, Kargaltsev €f al. 2009). A 4.8tandra obser-  those with logRx > —4.5, as defined bl Terashima & Wil$an (2003).
vation would miss such emission which could explain the pbke ap- The calculated value of ldgx is also similar to the average value of
pearance of HESS J194313 in X-rays. However, both of the uniden--3.10 calculated for a large sample of HBL objects, and is siggifily
tified H.E.S.S. sources are extended in VHE gamma-rays ahchlwe  different than the averagel.27 for low-frequency peaked BL Lac ob-
gamma-ray to X-ray flux ratios greater than unity, much highan in  jects and-0.95 for flat spectrum radio quasats _(Terashima & Wilson
case of HESS J194313. [2003).

The hard HE spectrum implied by the upper limits in £i. 7 (see  [Sostamante & Ghisellin (2002) selected candidate VHE gamm
Sect[3.H4), would be in agreement with the HE spectrum of & C oy emitting BL Lac objects based on their fluxes in radig)(and
Nebula, where an IC component Has: 1.64 above 1 GeVL(Abdo ethl.  ray (F,) bands measured at 5 GHz and 1 keV, respectively. BL Lac
20108). Two other PWN detected Hermi/LAT (Vela and HESS objects are expected to be detected at VHE energies ifibg >
J1640-465) have soft spectra but these nebulae are oldez gvalved) 148 erg cm? st and logrxFx > —114 erg cm? s'L. This tar-
than the Crab, and are both extended in VHE gamma-rays. THe Videt selection criterion has proved quite successful[(ehardnian et al.
spectrum of HESS J194213 is significantly softer than all known 5008: Abramowski et al. 20110). For HESS J19233 the fluxes are
VHE PWN. The softest PWN have photon indices of 2 0.3 and logvrFr = —14.5 and logvx Fx = —11.1, which places the source well

there are only a handful of them (Kargaltsev & Pavlov 201®)sTact \yithin the group of VHE emitting BL Lac objects.
together with the lack of obvious extended X-ray emissioakea the The X-ray spectrum of HESS J194213 is hard with no ap-

PWN hypothesis. parent cut-& up to 195 keV. In this respect HESS J194£33 re-
sembles extreme BL Lac objects, in which the synchrotrork pea

4.3. Active galactic nucleus ergy exceeds 10 keV (Costamante et al. 2001). The extrernes sif
HESS J19438213 is also supported by logg/Fr) = —4.3, which is

Blazars are AGN where a relativistic jet pointing close te fme higher than-4.5 as is the case for extreme HBL objedts (Rector ket al.

of sight produces Doppler-boosted emission (Blandford &#R&978; [2003).
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The extreme BL Lac objects are the least luminous blazars liminary infrared spectrum (if confirmed) could be explalrgnce jet
the blazar sequence, and yet these are sources in whichgipadi continuum emission usually dominates in this energy range.
tion of power carried by the jet is mosffieient and particle accelera- HBL objects comprise the majority of AGN detected until naw i
tion mechanisms are close to their limits (Ghis€llini 1998he hard VHE gamma-rays. Statistically, assuming a uniform disttiitn on the
X-ray surveys (e.g. INTEGRAL, Swift) allow selection of esxine sky, one out of 30 AGN can be expected to be situated at Gellatti
blazars [(Ghisellihi_2009). The group of known extreme HBlieats itude|b| < 2°. HESS J1948213 seems to be one of the most extreme
includes Mkn 501, 1ES 234414, PKS 0548-322 and 1ES 142828 HBL objects detected, with a peak frequency well beyond M) &ed
(Costamante et &l. 2001), all of which are VHE sources. Tlespec-  a low X-ray to radio ratio.
tral components of extreme BL Lac objects peak at energidskeV The HBL classification would be secured by the identificatiban
andz 100 GeV for the synchrotron and IC component respectivéig. T elliptical galaxy in infrared images, the measurementsfédshift and
HE spectrum in the 100 MeV-100 GeV domain is expected to b hathe detection of correlated variability at radio, optic&ltay or gamma-
The lack of an HE counterpart of HESS J19433 is unusual. Of all ray wavelengths. High resolution radio images from VLBI Wwbalso
the VHE-detected AGN, only four (all HBL objects) have noehele- help to put further constraints on the source identity.
tected at GeV energies ermi (Abdo et al[2010b). The upper limit
by Fermi is quite strict but a similar situation has been observed 1 Acknowledgements. The support of the Namibian authorities and of the
PKS 0548-322/ (Aharonian etlal. 2010). University of Namibia in facilitating the construction angeration of H.E.S.S.

The Fermi/LAT observations of TeV-selected AGN_(Abdo et al.is gratefully acknowledged, as is the support by the Germainiskly
), show that their HE spectra are hard with photon @glics 2.0  for Education and Research (BMBF), the Max Planck Socidtg, Erench
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