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Abstract: H.E.S.S. observations of the old-agel® yr; ~ 0.5° diameter) composite supernova rem-
nant (SNR) W 28 reveal very high energy (VHizray emission situated at its northeastern and southern
boundaries. The northeastern VHE source (HESS J1883) is in an area where W 28 is interact-
ing with a dense molecular cloud, containing OH masers,| laadio and X-ray peaks. The southern
VHE sources (HESS J186@40 with components labelled A, B and C) are found in a regicupied

by several HIl regions, including the ultracompact HIl g 28A2. Our analysis of NANTEN CO
data reveals a dense molecular cloud enveloping this soutbgion, and our reanalysis of EGRET data
reveals MeV/GeV emission centred on HESS J18P33 and the northeastern interaction region.

Introduction & H.E.S.S. Results [4, 32]). It is an old-age SNR (age 330 to
15x10% yr [11]), thought to have entered its ra-
The study of shell-type SNRs atray energies is  diative phase of evolution [32]. The shell-like ra-
motivated by the idea that they are the dominant dio emission [26, 22] peaks at the northern and
sites of hadronic Galactic cosmic-ray (CR) acceler- northeastern boundaries where interaction with a
ation to energies approaching thee (~ 10'° eV) molecular cloud [2] is established [34, 35]. The
and beyond, e.g. [33]. CRs are then acceleratedX-ray emission, which overall is well-explained
via the diffusive shock acceleration (DSA) process by a thermal model, peaks in the SNR cen-
(eg. [3, 30]). Gamma-ray production from the in- tre but has local enhancements in the northeast-
teraction of these CRs with ambient matter and/or ern SNR/molecular cloud interaction region [24].
electromagnetic fields is a tracer of such particle Additional SNRs in the vicinity of W 28 have
acceleration, and establishing the hadronic or elec- also been identified: G6.670.42 and G7.060.12
tronic nature of the parent CRs in amyray source  [20]. The pulsar PSR J18623 with spin-down
is a key issue. Already, two shell-type SNRs, luminosity E ~ 6.2 x 103 erg s°! and distance
RX J1713.7-3946 and RX J0852:04622, exhibit ~ d > 9.4 Kpc [27], is at the northern radio edge.
shell-like morphology in VHEy-rays [16, 18, 19]  Given its interaction with a molecular cloud, W 28
to 20 TeV and above. Although a hadronic origin s an ideal target for VHE observations. This in-
of the VHE y-ray emission is highly likely in the  teraction is traced by the high concentration of
above cases, an electronic origin is not ruled out. 1720 MHz OH masers [6, 5, 28], and also the loca-
W 28 (G6.4-0.1) is a composite or mixed- tion of very high-density:{ > 10® cm~?) shocked
morphology SNR, with dimensions 5@5  and an gas [35, 34]. Previous observations of the W 28 re-
estimated distance between 1.8 and 3.3 kpc (eg.gion at VHE energies by the CANGAROO-I tele-
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scope revealed no evidence for such emission [13] of W 28 coincides well with HESS J186@40 and

from this and nearby regions.

The High Energy Stereoscopic System (H.E.S.S.:

see [23] for details and performance) has ob-

its three components.

Fig. 3 compares the radio (left panel — VLA
90 cm [8]), infrared and X-ray views (right panel

served the W 28 region over the 2004, 2005 and MSX 8.28 um and ROSAT PSPC 0.5 to 2.4 keV

2006 seasons. After quality selection, a total of
~42 hr observations were available for analysis.

[24]) with the VHE results. HESS J186233
overlaps the northeastern shell of the SNR, co-

Data were analysed using the moment-based Hillasinciding with a strong peak in the 90 cm con-

analysis procedure employingard cuts (image

tinuum emission. Additional SNRs G6.6D.42

size >200 p.e.), the same used in the analysis of and G7.06-0.12 [20, 10] are indicated. The

the inner Galactic Plane Scan datasets [15, 17].

An energy threshold of- 320 GeV results from
this analysis. The VHEy-ray image in Fig. 1
shows that two source of VHE-ray emission are

non-thermal radio arc G5.710.08 is a SNR
candidate [8], and is possibly a counterpart to
HESS J1804240C. The distances to G6.60.42
and G5.7%0.08 are presently unknown. The

located at the northeastern and southern bound-unusual, ultracompact HIl region W 28A2,

aries of W 28. The VHE sources are labelled
HESS J1801233 and HESS J18061240 where
the latter can be further subdivided into three com-

is positioned within 0.1° of the centroid of
HESS J1806240B. W 28A2, at a distance
d ~2 kpc, exhibits energetic bipolar molecular out-

ponents A, B, and C. The excess significances of flows [29, 25, 14] and may therefore be an energy

both sources exceed8s after integrating events
within their fitted, arcminute-scale sizes. Simi-

source for particle acceleration in the region. The
other Hll regions G6.20.6 [31] and 6.2250.569

lar results were also obtained using an alternative [21] are also associated with radio emission.

analysis [7].

W 28: The Multiwavelength View

We have revisited EGRET MeV/GeV data, in-
cluding data from the CGRO observation cycles
(OC) 1 to 6, which slightly expands on the dataset
of the 3rd EGRET catalogue (using OCs 1 to
4; [9], revealing the source 3EG J180P338.
We find a pointlike £ > 100 MeV source in
the W 28 region, labelled GRO J18062320 in
Fig 1. The 68% and 95% location contours
of GRO J180%2320 match well the location of
HESS J1804233. However we cannot rule out a
connection to HESS J186@240 due to the degree-
scale EGRET PSF.

Fig. 2 presents2CO (J=1-0) observations from
the NANTEN [1] Galactic Plane survey [12] cov-
ering the line-of-sight velocity rangdg,sg= 0 to
10km s ! and 10 to 20 kms'. These ranges rep-
resent distances 0 t02.5 kpc and 2.5 te-3.9 kpc

The X-ray morphology (Fig. 3 right panel) shows
the central concentration of X-ray emission. A lo-
cal X-ray peak ofEar is seen at the northeastern
W 28 boundary. The HII regions, W 28A2 and
G6.1-0.6 are prominent in the MSX 8.28m im-

age (Fig. 3 right panel), indicating that a high con-
centration of heated dust still surrounds these very
young stellar objects.

Discussion and Conclusions

Further details concerning these results and discus-
sion will be presented at the conference.
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Figure 1. H.E.S.S. VHEy-ray excess counts,
corrected for exposure and Gaussian smoothed
(with 4.2 std. dev.). Solid green contours rep-
resent excess significance levels of 4, 5, and
60, for an integrating radiug=0.1°. The VHE
sources HESS J186233 and a complex of
sources HESS J1800-240 (A, B & C) are in-
dicated. The thin-dashed circle depicts the ap-
proximate radio boundary of the SNR W 28 [22,
8]. Additional objects indicated are: HIl regions
(black stars); W 28A2, G6:10.6 6.225-0.569;
The 68% and 95% location contours (thick-
dashed yellow lines) of th& > 100 MeV
EGRET source GRO J1806320; the pulsar
PSR J180%-23 (white triangle). The inset de-
picts a pointlike source under identical analysis
and smoothing as for the main image.
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Figure 2:Left: NANTEN 12CO(J=1-0) image (linear scale in K km1§) for 11,5g=10 to 20 km s! with
VHE ~-ray significance contours overlaid (green) — levels 456d other features as in Fig. Right:

NANTEN 2C0O(J=1-0) image fol;,sg=0to 10 km s! (linear scale and same maximum as for left panel).
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Figure 3:Left: VLA 90cm radio image [8] in Jy beamt. The VHE significance contours (green) from

Fig. 1 are overlaid along with the HIl regions (white starsjlahe additional SNRs and SNR candidates

(with yellow circles indicating their location and approxate dimensions) discussed in teRight: ROSAT
PSPC image — 0.5 to 2.4 keV (smoothed counts per bin [24]).rl@deare contours (cyan — 10 linear

levels up to 5104 W m~2 sr-1!) from the MSX 8.281m image. Other contours and objects are as for the

left panel. The X-rayEar representing a peak at the northeastern edge is indicated.
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