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Abstract: The shell-type supernova remnant RX J0852.0-4622 was tdetét 2004 and re-observed
between December 2004 and May 2005 with the High Energy &eopic System (H.E.S.S.), an array
of four Imaging Cherenkov Telescopes located in Namibia @edicated to the observations pfrays
above 100 GeV. The angular resolution<of).1° and the large field of view of H.E.S.S:(diameter) are
well adapted to studying the morphology of the object in \@gh energy gamma-rays, which exhibits a
remarkably thin shell very similar to the features obserivethe radio range and in X-rays. The spectral
analysis of the source from 300 GeV to 20 TeV will be presenkéaally, the possible origins of the very
high energy gamma-ray emission (Inverse Compton scattésirelectrons or the decay of neutral pions
produced by proton interactions) will be discussed, on tmsof morphological and spectral features
obtained at different wavelengths.

Introduction Highlands in Namibia, 1800 m above sea level [

Each telescope has a tesselated mirror with an
Shell-type supernova remnants (SNR) are widely of 107 n¥ [2] and is equipped with a camera cor
believed to be the prime candidates for accelerating prising 960 photomultipliers [3] covering a field ¢
cosmic rays up td0'® eV, but until recently, this ~ view of 5° diameter. Due to the powerful reje
statement was only supported by indirect evidence, tion of hadronic showers provided by stereosco
namely non-thermal X-ray emission interpreted as the complete system (operational since Decernr
synchrotron radiation from very high energy elec- 2003) can detect point sources at flux levels
trons from a few objects. A more direct proof is about 1% of the Crab nebula flux near zenith witl
provided by the detection of very high energy significance of & in 25 hours of observation. Thi
rays, produced in nucleonic interactions with am- high sensitivity, the angular resolution of a few &
bient matter or by inverse Compton scattering of minutes and the large field of view make H.E.S

accelerated electrons off ambient photons. ideally suited for the study of the-ray morphol-
Here, we present recent data on RX J0852622 ogy of extended sources. During the obser
obtained with H.E.S.S. in 2004 and 2005. tions, an array level hardware trigger required e:

shower to be observed by at least two telesco

. within a coincidence window of 60 ns [4]. The da

The H.E.S.S. detector and the analysis  \ere recorded in runs of typical 28 minute durati
technique in the so-called “wobble mode”, where the sour
is offset from the center of the field of view, ar

H.E.S.S. is an array of four 13 m diameter imag- were calibrated as described in detail in [5]. Ir
ing Cherenkov telescopes located in the Khomas first stage, a standard image cleaning was app
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to shower images to remove the pollution due to teraction with Vela, or as far as the Vela Mole
the night sky background. The results presented ular Ridge ¢ 1 kpc). Figure 1 presents the

in this paper were obtained using a 3D-modeling ray image of RX J0852:04622 obtained with the
of the light-emitting region of an electromagnetic 3D-Model from a long observation in 2005 (co
air shower, a method referred to as “the 3D-model responding to 20 hours live time). The morpht
analysis” [6], and were also cross-checked with the ogy appearing from this skymap reveals a ve
standard H.E.S.S. stereoscopic analysis based orthin shell of 1° radius and thickness smaller th:
the Hillas parameters of showers images [7]. The 0.22°. Another interesting feature is the remat
excess skymap was produced with a backgroundably circular shape of this shell, even if the Sou
subtraction called the “Weighting Method” [8]. In  ern part shows a more diffuse emission. Keep
this method, the signal and the background are all events inside a radius df® around the cen-
estimated simultaneously in the same portion of ter of the remnant, the cumulative significance
the sky. In each sky bin (treated independently), about 1% and the cumulative excess is 5200

the signal and the background are estimated from events. The overal}-ray morphology seems to b
those events originating from this bin exclusively; similar to the one seen in the X-ray band, es|
this is done by means of a likelihood fit in which cially in the Northern part of the remnant where
each event is characterized by a discriminating pa- brightening is seen in both wavebands. The ¢

rameter whose distribution is fairly different for
rays and hadrons. In the case of the 3D-Model,
this discriminating parameter is the 3D-width of
the electromagnetic shower.

H.E.S.S. results

RX J0852.0-4622 is a shell-type SNR discovered
in the ROSAT all-sky survey. Its X-ray emis-
sion is mostly non-thermal [9]. Indeed, up to
now no thermal X-rays were detected from this
source, which could imply a limit on the den-
sity of the material in the remnant; < 2.9 x
10~2(D/1kpe)~1/2f=1/2cm~3, where f is the
filling factor of a sphere taken as the emitting vol-
ume in the region chosen [10]. The X-ray non-
thermal spectrum of the whole remnant in the 2-
10 keV energy band is well described by a power
law with a spectral index o02.7 &+ 0.2 and a flux
Fx = 138 x 107 ergem=2s71 [11]. In the
TeV range, the announcement of a signal from
the North-Western part of the remnant by CAN-
GAROO was rapidly followed by the publication
of a completey-ray map by H.E.S.S. obtained
from a short period of observation (3.2 hours) [12].
The study of this source is really complex due to
several points: its extension (it is the largest ex-

relation coefficient between theray counts and
the X-ray counts in bins of 092x 0.2 is found
to be equal to 0.60 and comprised between C
and 0.67 at 9% confidence level. The differentie
energy spectrum (Fig. 2) extends from 300 G
up to 20 TeV. The spectral parameters were
tained from a maximum likelihood fit of a powe
law hypothesis dN/dE N, (E/1TeV)~! to the
data, resulting in an integral flux above 1 TeV
(15.2 & 0.7gtat + 3.205yst) x 107 2cm=2s~! and
a spectral index of 2.24:0.044at £ 0.155y¢. AN

indication of curvature at high energy can be r
ticed.

Emission processes

One of the key issues is the interpretation ofthe
ray signal in terms of an electronic or a hadroi
scenario. Despite the large uncertainty on the «
tance and age of the remnant, the multi-wavelen
data already give some strong constraints. Ina|
tonic scenario, wherg-rays are produced by In
verse Compton scattering of high energy electr
off ambient photons, the ratio of the X-ray flu
and they-ray flux determines the magnetic fie
to be close ta .G. This value is completely inde
pendent of the distance and only assumes a fill

tended source ever detected by a Cherenkov tele-factor (fraction of the Inverse Compton emittir
scope), its location at the South-Eastern corner of electrons containing the magnetic field responsi
the Vela remnant and the uncertainty on its dis- for the synchrotron emission) of 1; this low ma

tance and age. Indeed, RX J08524522 could
be as close as Vela(250 pc) and possibly in in-
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netic field seems hardly compatible with the ai
plification suggested by the thin filaments resolv
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by Chandra [13]. In the nearby case @00 pc),

the limit on the width of the shelA R obtained by
the morphological analysis of the H.E.S.S. date
AR < 0.7 pc, which leads to an escape time

diffusion and by convection lower than both tt
age of the remnant and the synchrotron cool
time for energies higher than 10 TeV. Therefore,
one would expect to see a variation of the wic
of the shell with the energy, which is not observ
by H.E.S.S. [11] and disfavours the electronic s
nario at this distance. In a hadronic scenario,
which we assume that the-ray flux is entirely
due to proton-protoninteractions, one can estimr
the total energy in accelerated protons in the ral
10 — 100 TeV required to produce the-ray lumi-

nosity observed by H.E.S.S.:

09h00m 08h50m 08h40m
RA (hours) I B 5 (10TeV
L(1-10TeV) = 47D2 [[2"V E¢(E)dE
Figure 1: Excess skymap of RX J0852 4622 = 26X 1032(20€pc)2ergs_1

smoothed with a Gaussian of 0<O6tandard de-
viation, obtained with the 3D-Model. The white
lines are the contours of the X-ray data from the
ROSAT All Sky Survey for energies higher than i 1
1.3 keV (smoothed with a Gaussian of (°Ggan-  €stimated to bet, = 4.4 x 10'° (;i=) . As-

dard deviation to enable direct comparison of the SUming that the proton spectrum continues dow!
two images). E =~ 1 GeV with the same spectral slope as that

the photon spectrum, the total energy injected i
protons is estimated to be:

D 2 n -1
Wtot ~ 1049 ( )
P 200 pc lem—3 e

Therefore, for densities compatible with the &
sence of thermal X-rays, the only way to e
plain the entirey-ray flux by proton-proton in-
teractions in a homogeneous medium is to

sume that RX J0852:04622 is a nearby supel
nova remnant (D< 600 pc). Indeed, for largel
distances and a typical energy of the supern
explosion of10°! erg, the acceleration efficienc
would be excessive. Nevertheless, a distance
1 kpc should also be considered if one assur
that RX J0852.64622 is the result of a con
collapse supernova which exploded inside a b
ble created by the wind of a massive progeni
star [14]. According to stellar wind theory, th
size of the bubble evolves according to the fi

In this energy range, the characteristic cooling til
of protons through the® production channelis ap
proximately independent of the energy and can

Flux (cm?sL1Tev?)
.
5
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Figure 2: Differential energy spectrum of
RX J0852.0-4622, for the whole region of the
SNR. The shaded area gives thedonfidence re-
gion for the spectral shape under the assumption of

. n —0.2 i
a power law. The spectrum ranges from 300 Gev Mula: & = 45 (=) " pc. For a density of
t0 20 TeV. 1 cm~3, the radius of this bubble would be equ

to 45 pc. In the case of a close supernova re
nant, its size would be significantly lower than tl

669



H.E.S.SOBSERVATIONS OF THESNR RX J0852.0-4622
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