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Supernova remnants (SNRs) associated with molecular €larglconsidered as very promising
objects to point at the origin of Galactic cosmic rays (CR&lecular clouds act as very efficient
target for collisions of accelerated particles, resuliimg subsequent enhancement of gamma-
ray emission. Molecular clouds are therefore interestinigais to be observed by high-energy
gamma-ray experiments. Several SNR and molecular clougtias®ns have been detected at
high and very high gamma-ray energies and the hadronictsigmaf the high energy gamma-ray
radiation has been observed from some of them. The detdntibhE.S.S. of several associations
(W28, W51C, W49B and more recently G349.7+0.2) has shown tkeaethources have a softer
spectra at TeV energies than their spectra at GeV energiggesting a spectral break or steep-
ening with energy. Thus study of such associations appéamsme interest to understand the
particle acceleration and diffusion. The latest resultsify.S.S. will be presented and discussed
in the light of their multi-wavelength context.
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1. SNRsseen by H.E.S.S.

The H.E.S.S. phase | system consists of an array of four Cherenkeedples detecting very
high energy (VHE)y-rays through their induced air shower in the energy domain between a few
hundreds of GeV up to a few tens of TeV. With an angular resolution of ither @f 0., its field
of view as large as- 5° together with its location in the southern hemisphere enables H.E.S.S.
to deeply explore the Galactic plane, which has led to the detection of a highenwih@alactic
sources, and among them, supernova remnants (SNRS).

SNRs are assumed to accelerate particle to high energi@8'feV) through diffusive shock
acceleration[[19]. One of the main H.E.S.S. results is the detection of >10@deti¢les acceler-
ated by the SNR RX J1713-8946 [12]. However the origin of theradiation is still debated. The
Fermi-LAT collaboration published the GeV observations of this regjpn [3] ahdmcompared to
the H.E.S.S. results, the most probable interpretation is that its non-thermahpdmission has
leptonic origin. In this scenario thgrays are emitted in the wake of interactions between accel-
erated electrons and ambient photon fields via inverse-Compton preceBsey-ray emission
can also potentially be interpreted as of hadronic origin: accelerated cpsotons interact with
ambient matter localised in dense clouds and progues/s by neutral pion decaj [23]. The high
density medium and an enhanced magnetic field would prevent the low emeigyns from en-
tering into the clouds; this can result into very hard GeV spectra. Suchtsigs would indirectly
demonstrate that the SNR shocks are among the privileged sites of cosrazredgration.

2. Theinterest of SNR/MC interactions

Revealing clear evidence to distinguish between the two maay production mechanisms
(leptonic and hadronic) is a tough task for the sample of detected SNR&/artgeTeV energies.
SNRs interacting with molecular clouds (MC) may help to solve the CR produdtigim guestion.
The lifetime of high-mass stars is low and the supernovae of these progeawitarr in the vicinity
of their parent molecular cloud. The expanding ejecta shock wave ragndigunters and then
propagates inside the dense medium. The high density of interstellar materél gicrease the
rate of hadronic collisions between accelerated and confined partidles sthock wave (through
fermi acceleration processes) and the cold matter. yrtas/ spectrum produced in these environ-
mental conditions should differ from isolated SNR and the enhanced inademission may be
detected. The main feature is mostly visible at low energies by the spectpa ehthe pion de-
cay bump £100 MeV). However the dense medium would age the shock wave fastestiiated
ones. This would influence the acceleration efficiency of the SNR. T¥eAray observations will
inform us on the maximum energy that CRs can reach in these acceleaatithie CR diffusion
from the acceleration site can be probed as well.

The very interesting spectral features of interacting SNRs were cleadaled by the Fermi
collaboration: thd-ermi-LAT spectral analysis results of the sources W44 and 1C443 hawersho
the presence of pion-decay-bump shape at lower enefgies [5]. Mblsrsy gun evidence of the
ray hadronic origin from two SNRs is an important advance in the undelisgof CR acceleration
processes and sites.
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3. H.E.S.S. results

Observing the sub-class of SNR/MC associations in GeV and TeV is alswerfob tool.
In particular at the TeV regime the H.E.S.S. collaboration has dedicated afigmbidn of the
observation time scrutinising many objects in the Galactic plane, including $ShRs.

3.1 W28

W28 region holds a mixed-morphology supernova remnant locate@-at kpc[25]. The age
of the expanding ejecta revealed by X-ray emission is estimated 486ekyrs [38,[4P]. Several
molecular cloud complexes are spotted'8g0O emission. The cloud located in the northern part
of the SNR exhibits strong OH maser emissions indicating a physical interaetisedn the SNR
and the clump.

TeV y-rays were detected by H.E.S.S. towards W38 [9]. Four hotspots of simtifieray
excess were found to be coincident with MC positions. The southern M®lex shows a brighter
emission than the northern one. This behaviour differs with the GeV emidsideed, a detailed
study ofFermi-LAT data showed the brightest GeV emission is coincident with the northeud c
close to the position of the OH masefs|[26]. This opposite behaviour wasifitdighted by the
Agile satellite [2}]. The diffusion of CRs from the SNR to the more distant mdée@louds could
explain they-ray spectrum of each region. The latest measurement of CR ionisatisdeduced
from chemical modeling in both molecular cloud complexes confirm the sceofahigh energy
CR diffusion [45).

Only the northern cloud (here after W28N) is physically interacting with thR 33 they-ray
spectrum of this source only is reported here. Taemi-LAT spectrum is well fitted by a broken
power law [1]. The energy at the break i9®% 0.2 GeV. The index before the break i92+0.08
and 274+ 0.06 after. The H.E.S.S. spectrum is in good agreement with the GeV ranghand
ay-ray spectral index of 6+ 0.27.

3.2 W49B

WA49B is a well knowny-ray emitting SNR[2]. It exhibits a strong interaction with molecular
clouds through several trace[s][4] 47]. The distance was first ¢stirtabe~8 kpc [#1]. A later
study suggests W49 could be at the same distance as W49A, the HIl regtem@&ighborhood,
at~11.4 kpc [1b]. The latest observations in radio and infrared wavelsrsythport the farthest
estimation and conclude to a distance~dfO kpc [47]. The age of this SNR is estimated to-bé
kyr [B2].

Detection of TeVy-rays from W49B was reported by the H.E.S.S. collaboratjioh [17]. The
position of the excess nicely matches fremi-LAT source. The spectrum evolution from few
hundreds of MeV te-10 TeV is smooth and shows a steepening at higher energies. The GeV ban
exhibits a broken power lanEfeax = 4.8 + 1.6) with an index of 218+ 0.04 before the break
and 29+ 0.2 after [2]. The H.E.S.S. spectrum is nicely compatible iAghmi-LAT data and well
described by a power law with an index a3 0.3 [[L7].



NR/MC asseen by H.E.SS. Cyril Trichard

3.3 G349.7+0.2

(G349.7+0.2 is a young SNR with an age~01800 yrs. Its distance, first estimated~a22
kpc [22], was revisited to 11 kpc close to the far 3 kpc afnj [43]. Theadgbe remnant was
accordingly re-evaluated. The proximity of a dense molecular cloud wasght out by*2CO
emission coincident with the radio sh¢ll]16] 20]. Five OH masers weretetf2P] matching the
position of the molecular cloud and the remnant. A strong thermal X-ray emisggjbly correlated
with the radio continuum emissiof [36] shows two plasma components. Onetfigjecta and
one from the hot shocked cloud.

G349.7+0.2 is a-ray emitting SNR. A GeV radiation was detected Bsrmi-LAT at the
position of the remnan{]18]. The GeV spectrum is well described by aepdaw up to 300
GeV. A new analysis include the latest version P7Rep and a bigger setroi-LAT data gives
consistent results. A featureless spectral power law can be dervmdtfieFermi-LAT data with
an index of 219+ 0.04 from 200 MeV to 300 Ge\[[27]. H.E.S.S. reported the detection of a TeV
source coincident with the radio shell[J44] 31]. The TeV excess posiiorarkably matches the
Fermi-LAT source and the OH maser locations. The TeV spectrum is fitted by ardaw from
~200 GeV to tens of TeV, and no hint of cutoff was found. The spectdxrsignificantly differs
from GeV range since the index is82 0.3. The H.E.S.S. results clearly show the existence of
a break between TeV and GeV range but such feature occurs at kigggies than for W28 and
W49B, above 10 Ge\[[27].

3.4 Other candidates

The association of gray excess to a specific counterpart is generally a tough task. This is
mainly due to the spatial proximity of several objects known as posgibdg emitters, specially
in the Galactic plane, combined with the limited resolutioryafy instruments. Several possible
SNR/MC associations seen by H.E.S.S. are in this situation. VAitags are likely emitted by
hadronic interactions due to the dense material in which the shock wavagates, however,
other scenarios for theray emission such as a pulsar wind nebula (PWN) can not be ruled@ut an
make the interpretation less straightforward.

W51 is a good example. H.E.S.S. observed this region and discoveredificaigry-ray
excess at TeV energief [21]. The emission exhibits an extension asitlgdsoth the PWN and
the SNR/MC interaction are emittingrays. The GeV photons observedigymi-LAT cannot help
to distinguish both contribution$ [B|, 6]. W51 is a very good candidate ty shedTeV emission
from the propagation of SNR shock wave inside a dense molecular clowthf @&strophysical
contribution could be well determined.

CTB 37Ais a SNR close to the very bright RX J171:33946. As for the two candidates cited
above, a TeV excess coincident with dense material and OH masers seasexbby H.E.S.S[T10].

A GeV source detected biyermi-LAT is coincident with the excesg [B9] observed by H.E.S.S..
The presence of an X-ray compact source, located in the yam@g emission region, can be an
alternative explanation of the origin of tlyeray flux.

The y-ray spectra of W51 and CTB 37A are different compared to the prsvioentioned
sources. Théermi-LAT data can be fitted by a LogParabola model [39, 6] while the H.E.S.S.
spectrum is well described by a power Igw]|[[[T, 14].
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W41 is similar to W51. TeV and GeY-rays were detected from this regign|[89, 28]. The TeV
excess shows two spatial components, a point like source and a dlimguxtended emission.
The overlapping of thg-ray emission with two possiblg-ray emitters, first a X-ray CCO coun-
terpart, possibly associated with a PWN, and second, a high density medaed bg3CO and
coincident with OH masers makes both scenarios (PWN and SNR/MC) peobrgidanations for
the high energy emission. The spectral fit quality of both models can nlotdexany interpretation.
The y-ray spectrum consists of two different power laws at GeV and TeMd laawdl aAl" ~ 0.5.

Another good candidate is HESS J17403. A bright TeV emission was observed since
2006 [1], and follow up observations allowed the investigation of hademission from SNR/MC
associations[[11]. This region is composed by several SNRs and ¢hernf(G359.1+0.5) holds
OH masers that follow radio boundari¢s][46]. However the search viLMounterparts was not
successful to fully understand the extended TeV emission. Pion dedefioa from hadronic
collisions still remains the most probable explanation. Given the complexity aktiien under
examination no GeV clear spectrum corresponding to H.E.S.S. observatienderived, so the
results of this source cannot be reported here.

Finally, Puppis A is a unique case of SNR/MC associatienmi-LAT detected this sourcg[B9,
fA]. H.E.S.S. observations toward this association led to a non detefctioni@%he upper limits
are incompatible withFermi-LAT spectrum extrapolation. This non detection suggests a spectral
break or an exponential cutoff before the H.E.S.S. energy domain.

3.5 SNRsin dense medium

H.E.S.S. observed many candidates of SNR/MC interactions. The ones bied show
strong tracers of the propagation of the SNR shock wave inside the maletolals, such as
OH masers or excited molecular lines. But H.E.S.S. also detected severa\@®Nitg in dense
interstellar medium where no tracers of strong interaction were detecte®getl examples are
the two close sources HESS J1640-465 and HESS J1641-463. Thanérés a very luminous
TeV y-ray source[[30]. The favored scenario of this emission is hadrouiatian because of
good overlap betweepray extended emission and dense interstellar material. HESS J1641-463 is
located in this neighborhoofl][4]. Its position also matches the dense interstali@r position.

Several SNRs show tracers of strong interaction with dense moleculatschu they-ray
emission origin is likely associated to a PWN. The determination of the hadronisiemisom
escaping CRs in such objects would be a very difficult task. Kels78 jMé30 [3] are in this
situation.

4. Summary

Table[l summarizes theermi-LAT and H.E.S.S. results on SNR/MC associations described
in the previous sections. W 28N, W49B and G349.7+0.2%/ana&y sources for which the interaction
of the SNR and the MC is the production site of faeays.

All sources exhibit a similar and complex spectral shape. None of-iag spectra can be
described by a featureless power law from hundreds of MeV to tens\éfahd a broken power
law appears to be the best model for most of the cases. The spectralbiefitee the break is
quite hard> 2.2. The position of the spectral break may vary in at least one (and may)e tw
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Table 1: Summary of they-ray spectra at GeV and TeV energies seerFaymi-LAT and H.E.S.S. re-
spectively, for the sources described in secﬁ|on 3. Onlystheces with a certain SNR/MC association are
reported here. The four first sourcesyafay emission originate from the interaction between th&%iNd
the dense clouds (Puppis A is separated since only U.L. wasieadl from H.E.S.S. data). The three sources
listed below are separated because of possible contaomingitthe detecteg-rays by other sources in their
neighborhood. W44 and 1C443, which exhibit clear hadronecsal signatures, are shown for comparison.

Source Age Distance  Epreak I E<break I~ break Mev
(kyr) (kpc) (GeVv)
W28N ~36 ~2 1+02 209+0.08 274+0.06 266+0.27
W49B ~4 ~10 48+16 218+0.04 29402 31+0.3
G349.7+0.2 ~2 ~12 >10 219+0.04 - 28+0.3
Puppis A ~4-8 ~2 ? 26+0.13 - U.L.
CTB 37A - 6-10 - LogParabola - .2+0.13
W51 ~ 30 ~6 - LogParabola - detected
w41 ~60-200 ~4 ? 215+0.12 - 2644+0.13
w44 ~10 ~3 ~2 2.36+0.05 35+0.3 -
IC443 ~10 1-2 ~20 236+0.02 31+01  31+0.3 Magic [13]

order of magnitude. The TeV spectra are very stegg = 2.7, and no hint of cutoff at highest
energies has been found. The determination of these spectral feiatarksy topic to understand
the acceleration of CRs in SNRs.

The complementary use &&rmi-LAT and H.E.S.S. data provides very useful information to
constrain the CR acceleration models. The observed deviation from thasdddSA theory[[19],
is an active field, and several explanations were proposed includinvgmiifiave damping [88]
and diffusion of escaping particlef J40, 37]. All models strongly depemdhe environmental
conditions and will not be discussed here.

The spectral steepening of G349.7+0.2 and Puppis A occurs abovef 8eY. With the new
observation conducted with its 36 m dish fifth telescope, H.E.S.S. in its phaadlIbe very
efficient in this domain, wherBermi-LAT lacks statistics, and will better constrain the position of
the break and the spectral steepening with the energy. The populatiaf SX&/MC associations
seen at GeV and TeV is still low. To determine the universal CR accelegzi@ameters from SNRs
a bigger amount of sources is required. The next generation Clwrepgtem CTA is expected to
contribute in a definitive way.
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