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OBSERVATION OF VHE GAMMA RADIATION FROM HESS J1834087/W41 WITH THE MAGIC TELESCOPE
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ABSTRACT

Recently, the HESS array has reported the detectiop-rafy emission above a few hundred GeV from eight
new sources located close to the Galactic plane. The source HESS-I¥BB4s spatially coincident with the
supernova remnant G23:8.3 (W41). Here we present MAGIC observations of this source, resulting in the detection
of a differential y-ray flux consistent with a power law, described dN, /(dAdtdE) = (3.7 = 0.6) x
102 (E/TeV) >***2cm 2 st TeV ' We confirm the extended character of this flux. We briefly discuss the ob-
servational technique used and the procedure implemented for the data analysis, and we put this detection in the
perspective of the molecular environment found in the region of W41. We prEé&itand**CO emission maps
showing the existence of a massive molecular cloud in spatial superposition with the MAGIC detection.

Subject headings: gamma rays: observations — supernova remnants

1. INTRODUCTION sitivity of 3% crab units fory-rays above 200 GeV, eight sources

In the Galactic plane scan performed by the HESS (High Energy Were discovered (Aharc_mian et al. 2005, 2006)_. Or_le of the newly
Stereoscopic System) Cerenkov array in 2004, with a flux sen-detectedy-ray sources is HESS J183887, which is found to
be, in projection, spatially coincident with the supernova remnant
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2. OBSERVATIONS

MAGIC (see, e.g., Baixeras et al. 2004 and Cortina et al. 2005
for a detailed description) is the largest single-dish imaging air
Cerenkov telescope in operation. It is located on the Canary
Island La Palma (NZ2&, W17.8, 2200 m above sea level). 0.5

At La Palma, HESS J1834087 culminates at about 37
zenith angle (ZA). This ZA increases the energy threshold for
MAGIC observations, but it also provides a larger effective
collection area. The sky region around the location of HESS
J1834-087 has a relatively high and nonuniform level of back-
ground light. Within a distance of’from HESS J1834 087,
there are three stars brighter than 8 mag, with the star field
being brighter in the region northwest of the source. MAGIC
observations were carried out in the false-source tracking (wob-

b [deg]
3

o
excess events

ble) mode (Fomin et al. 1994). The sky directions (W1, W2) -1

to be tracked are such that in the camera, the sky brightness 20
distribution relative to W1 is similar to the one relative to W2.

In both cases, the source direction 14 @ffset from the camera -1.5

center. These two tracking positions are shown as white stars 24.5 24 23.5 23 22.5 i de9212

in Figure 1. For each tracking position, two background control
regions are used, which are located symmetrically to the source Fic. 1.—Sky maps of-ray candidate events (background-subtracted) in the
. . . . 1IG. 1.— - -

region (denoted by Fhe central white circle) Wlth reSpeOCt tothe directions of HESS J1834087 for an energy threshold of about 250 GeV.
camera center. During wobble mode data _takl_ng, 50% O_f the The source is clearly extended with respect fo the MAGIC PSF. The two white
data is taken at W1, and 50% at W2, switching (wobbling) stars denote the tracking positions in the wobble mode. Overlaid*a@
between the two directions every 30 minutes. This observationem'SS'O(? antouffsb(aCk)hffom Dﬁllm(e et al. (2)001r3 and contours of 90 cm

; ; ; _ VLA radio data from White et al. (2005green). The **CO contours are at
][nOd% ?Jlomed ford.a I’ellablle giCkgréJqu .e‘?]tlmatlon least af 25/50/75 K km s, integrated from 70 to 85 km §in velocity, the range
_eCte y the medium-scale and the In 0mogenec'us_Starthat best defines the molecular cloud associated with W41. The contours of
field. HESS J1834087 was observed for a total of 20 hr in  the radio emission are at 0.04/0.19/0.34/0.49/0.64/0.79 Jy Heahosen for

the period 2005 August—September (ZAM5). In total, about ~ showing both SNRs G22:70.2 and G23.30.3 at the same time. Clearly,
12 million triggers have been recorded. there is no superposition with SNR G22.0.2. The central white circle denotes
the source region integrated for the spectral analysis.

3. DATA ANALYSIS al. 2006c¢). The Crab energy spectrum, as determined by our
The data analysis was carried out using the standard MAGIC studies, was consistent with measurements from other exper-
analysis and reconstruction software (Bretz & Wagner 2003), iments (see dashed line in Fig. 4 below).
the first step of which involves the calibration of the raw data  For each event, the arrival direction of the primaryay
(Gaug et al. 2005). It follows the general steps presented incandidate in sky coordinates is estimated using the DISP
Albert et al. (2006a, 2006b): After calibration, image cleaning method (Fomin et al. 1994; Lessard et al. 2001; Domingo-
tail cuts of 10 photoelectrons for image core pixels and 5 pho- Santamaria et al. 2005). To select a subset of events with su-
toelectrons for boundary pixels have been applied (see, e.g.perior angular resolution, a conservative lower SIZE cut of 200
Fegan 1997). These tail cuts are accordingly scaled for thephotoelectrons is applied. The corresponding analysis energy
larger size of the outer pixels of the MAGIC camera. The threshold is about 250 GeV.
camera images are parameterized by image parameters (Hillas Figure 1 shows the sky map ¢fray candidates (background-
1985). In this analysis, the Random Forest method (see Bocksubtracted; see, e.g., Rowell 2003) from the direction of HESS
et al. 2004 and Breiman 2001 for a detailed description) was J1834-087. It is folded with a two-dimensional Gaussian with a
applied for they/hadron separation (for a review see, e.g., standard deviation 0’072 and a maximum of one. The MAGIC
Fegan 1997) and the energy estimation. For the training of they-ray point-spread function (PSF; standard deviation of a two-
Random Forest, a sample of Monte Carlo—genergtsidowers dimensional Gaussian fit to the nonfolded brightness profile of a
(Majumdar et al. 2005) was used together with about 1% of point source) is L = 0°01. The folding of the sky map serves
randomly selected events from the measured wobble data. Thedo increase the signal-to-noise ratio by smoothing out statistical
Monte Carlo (MC)y-showers were generated betweeh & fluctuations. However, it somewhat degrades the spatial resolution.
45> ZA with energies between 10 GeV and 30 TeV with a The sky map is overlaid with contours of 90 cm VLA radio data
SIZE distribution equal to one of the selected data events for (green) from White et al. (2005; 20 cm radio data from the same
the training. The source-position—independent image parame-eference are overlaid in the following figures) af@O emission
ters SIZE, WIDTH, LENGTH, CONC (Hillas 1985), and the contours from Dame et al. (200lack), integrated in the velocity
third moment of the photoelectron distribution along the major range 70-85 km 3, the range that best defines the molecular
image axis were selected to parameterize the shower imagescloud associated with W41. The MAGIC excess is centered at
After the training, the Random Forest method allows us to (R.A., decl.) = (18'34"27, —8°4240"). The statistical error is
calculate for every event a parameter, the so-called hadronness).5, and the systematic pointing uncertainty is estimated td be 2
which is a measure of the probability that the event isyiot  (see Bretz et al. 2003). A fit of a two-dimensional Gaussian bright-
like. They-sample is defined by selecting showers with a had- ness profile to the nonfolded sky map yields, after subtraction of
ronness below a specified value. An independent sample ofthe MAGICy-ray PSF in quadrature, an intrinsic source extension
MC ~-showers was used to determine the cut efficiency. of ¢ = 0?14 = 0204 (the extension reported by HESS is
The analysis at similar ZAs was developed and verified using 0209 + 0202; Aharonian et al. 2006). Both position and extension
Crab Nebula data taken in 2005 September (see also Albert etoincide well with the shell-type SNR G23:8.3 (W41).
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Fic. 2.—Distributions of6* -values for the sourc8lled circles) and back-
ground control regionshaded histogram) for an energy threshold of about
250 GeV. Here it is also seen that the source is clearly extended with respec
to the MAGIC PSF ¢ ~ 0.01 deg ).

E [GeV]

FiG. 4.—VHE y-ray spectrum of HESS J183487 (statistical errors only).
The solid line shows the result of a power-law fit to the data points. The dotted
Yine shows the result of the HESS collaboration (Aharonian et al. 2006). The
dashed line shows the spectrum of the Crab Nebula as measured by MAGIC
(Wagner et al. 2005).

Figure 2 shows the distribution of the squared angular distance,
62, between the reconstructed shower direction and the excesgpectrum @N /(dE dAdt) vs. tru&€, ]of HESS J183487
center. The observed excess in the direction of HESS 31884 after correcting (unfolding) for the instrumental energy res-

has a significance of 8.6 for §><0.1 ded. Figure 3 shows  olution (Anykeev et al. 1991). The horizontal bars indicate
images of HESS J1834087 with three different lower cuts on  the bin size in energy; the marker is placed in the bin center
SIZE (200, 300, and 600 photoelectrons), corresponding to en-on a logarithmic scale. The solid line shows the result of a
ergy thresholds of about 250, 360, and 590 GeV, respectively.forward unfolding procedure: A simple power-law spectrum
As in Figure 1, the background-subtracted sky maps are folded;s fitted to the measured spectrudN[/(dE, dAdt)  vs. es-
with a two-dimensional Gaussian, but here the color scale showsiimated E, ], taking the full instrumental energy migration
directly the excess significance. The total observed excess sig(true E, vs. estimate@, ) into account as described in Mi-
nificance forg?<0.1 ded (corresponding to the sky region zopuchi et al. (2005). The result is given by?dof =
inside the central white circle of Fig. 1) are 867.8 ¢, and 7.4/7) dN /(dAdtdE) = (3.7 = 0.6) x 10 *?(E/TeV) 2°+°2

7.3 ¢ for the three lower cuts on SIZE. Overlaid are contours ¢m2 s TeV~*. The quoted errors are statistical. The sys-
of 20 cm VLA radio datadreen) from White et al. (2005) and  tematic error is estimated to be 35% in the flux level de-
"*CO emission contoursack) from Jackson et al. (2006). The  termination and 0.2 in the spectral index (see also Albert et
contours of the radio emission are at 0.0035 Jy béaifhe  al. 2006b). Within the observation time (weeks), no flux

**CO contours are integrated from 70 to 85 km & velocity, variations exceeding the measurement errors have been ob-
as was the’CO data in Figure 1. For all three SIZE cuts, the served. Also, the flux is compatible within errors with the

MAGIC PSF is about fl, and the source position, extension, measurement of HESS made 1 year earlier.
and morphology stay roughly constant. The characteristics of the
MAGIC observation are compatible within errors with the mea-
surement of HESS (Aharonian et al. 2006).

For the spectral analysis, a sky region with a maximum  SNRs as gamma-ray sources have been extensively discussed
angular distance of* = 0.1 dedg around the excess center in the past (e.g., see Torres et al. 2003 for a review). Due to
(indicated by the white circle in Fig. 1) has been integrated. the spatial coincidence between the VHifay source and the
Figure 4 shows the reconstructed very high enetgray SNR G23.3-0.3 (W41), this SNR appears to be the natural

4. DISCUSSION AND CONCLUDING REMARKS

significance

22.5

23 22.5 225
| [deg] | [deg] I [deg]

Fic. 3.—Morphology of HESS J1834087 above three different lower cuts in SIZE (200, 300, and 600 photoelectrons), corresponding to energy thresholds
of 250, 360, and 590 GeV, respectively. The color scale shows the excess significance. Overlaid are contours of 20 cm VLA rgdienji@itani White et al.
(2005) and“*CO emission contoursback) from Jackson et al. (2006). The contours of the radio emission are at 0.0035 Jy*b&het*CO contours are at 10/
20/30 K km s*, integrated from 70 to 85 km §in velocity, as was thé’CO data in Fig. 1. The white circle indicates the MAGIC PSF, which is ab&Lif@r
all three lower SIZE cuts.
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candidate for generating the observeday emission. W41 is
an asymmetric shell-type SNR, with a diameter of .27 is

ALBERT ET AL.
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of ~4 kpc. We note, however, that J181878 has been found to
be nearly pointlike, whereas, in the present case, a significant

included in Green’s catalog (Green 2004), and has a spectrakxtension is observed. Theray spectrum of HESS J183087

index of 0.5 and a flux density of 70 Jy at 1 GHz. It was
mapped in radio with the VLA array at 330 MHz (Kassim

1992), and at 20 and 90 cm (see White et al. 2005), following
earlier studies (see, e.g., Ariskin & Berulis 1970, Shaver &

is steeper than that of J181378. From the observegray lu-
minosity, and assuming an acceleration efficiency of hadrons on
the order of 3% and a supernova power of Higs, the required
density of matter in thg-ray production region for hadrons to be

Goss 1970, and references therein). It is partially overlapping mainly responsible for the observed radiation can be estimated

with SNR G22.70.2 (see, e.g., Fig. 9 of Kassim 1992), al-
though the latter is not in coincidence with the peak of the
very high energy source (see Fig. 1). Bbandra and XMM
observations of W41 are publicly available yet.

from the formula., ~ (velocity of light) x (density)x (efficiency

of acceleration)x (supernova powerk (p-p cross section)x

(v p-p inelasticity), and it is of about11 cm? (see Torres et al.
2003 and references therein). With the extension of HESS

W41 was associated with a very large molecular complex called J1834-087, and the gas mass found to be in the innermost contour

“[23,78]" in Dame et al. (1986). There, it was concluded that there
are probably two large clouds blended at that positiot, ib, ¢ )-

of the CO map, i.e., in close superposition with the very high
energy source, there is enough mass to generate the high-energy

space, one on the near side of the 4 kpc arm and another on theadiation hadronically, even if only part of the gas is interacting
far side of the Scutum Arm. The giant molecular cloud associatedwith the SNR shock.

with W41 is best defined by integrating the CO emission from
70 to 85 km s* in velocity. The CO emission peaks ndas
233,b = —0°3,» = 78 km s*; the near kinematic distance of

All in all, the observation of HESS J183487 using the
MAGIC telescope confirms a new very high energy extended
y-ray source in the Galactic plane. A reasonably large data set

this peak is 4.9 kpc. The peak is marked by the central blackwas collected from observations at medium-scale zenith angles

contour in Figure 1, which lies very close to the VHE source. The
total H, mass of the cloud, computed over the ranges 22°—
24225,b = —(0°75-05, andv = 70 -85 km's, and assuming a
distance of 4.9 kpc, i2.1 x 10° M. This mass is necessarily

to infer the spectrum of this source up to energies of a few TeV.
Above 200 GeV, the differential energy spectrum can be fitted
with a power law of slop& = —2.5+ 0.2 . The results of the
independent observations of the HESS and MAGIC telescopes

an upper limit since, as mentioned above, there is certainly anare in agreement within errors concerning the level of flux, the
emission contribution from unrelated gas at the far kinematic dis- spectral shape, the morphology, and the extension of the source.
tance. Still, the CO peak is so strong and well defined that it most The coincidence of the VHE-ray source with SNR G23:30.3

likely arises from gas primarily at one location, near the VHE (W41) suggests that this SNR is a natural counterpart to HESS
source, rather than being a random blend of emissions from theJ1834-087, and although the mechanism responsible for the
near and far distances. The totgliHass of the CO emission peak high-energy radiation remains yet to be clarified, a massive mo-

in Figure 1 (computed over the regibe= 232-234,b = —0235
to —0°15,» = 70-85 km 5" is 8.8 x 10* M. The higher res-
olution**CO map in Figure 3, which was derived from the recently

lecular cloud has been identified in the region.

completed Galactic Ring Survey (Jackson et al. 2006), confirms We would like to thank the IAC for the excellent working

that the VHE source lies toward the local enhancement of mo-

lecular material, i.e., a giant molecular cloud.

At 5 kpc, the luminosity of HESS J183487 between
250 GeV and a few TeV is abodt x 10*  ergs'ssimilar to
the luminosity of HESS J1813178 (Albert et al. 2006a) if that
source is considered associated with SNR G1P.8 at a distance

conditions at the Observatory de los Muchachos in La Palma.
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