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Abstract: Shell-type supernova remnants (SNRs) accelerate particles at the shock front between the
expanding remnant and the swept-up interstellar medium. If these particles include protons and nu-
clei, very-high-energy gamma-ray emission may result from the decay of pions produced in interactions
between cosmic rays and the local insterstellar medium. For SNRs that are interacting with a nearby
molecular cloud, such as IC 443, the enhanced matter density provides a target medium that can am-
plify the gamma-ray emission. IC 443 also contains the pulsar wind nebula (PWN) driven by the pulsar
CXOU J061705.3+222127. PWNe are the most plentiful galactic sources of very-high-energy gamma
rays, which are produced in the shock formed at the collision of the pulsar wind with the ambient medium.

VERITAS is an array of four 12-m telescopes dedicated to gamma-ray astronomy in the energy band
above 100 GeV. Located on Mt. Hopkins in southern Arizona, VERITAS operated during the 2006-2007
season in 2-, 3-, and 4-telescope observation modes. In this talk, results from three-telescope observations
of the composite supernova remnant IC 443 during the 2006-2007 season are discussed.

Introduction

Fermi acceleration in supernova remnants (SNRs)
has long been considered as one of the likely ex-
planations for the origin of cosmic rays (CRs) up
to the knee at ∼ 3 · 10

15 eV. This scenario drives
the observations of SNRs in the very-high-energy
(VHE) gamma-ray band. IC 443 is a prime can-
didate for such observations, due to its interaction
with a nearby molecular cloud. Pion production,
and the associated gamma-ray emission, is am-
plified by the cloud’s high density (840 nucleon
cm−3) and total mass of ∼ 10

4 M� [13].
IC 443 remains one of the best examples of an
SNR interacting with molecular clouds. Its inter-
action with an H-II region to its northeast places IC
443 at a distance of 1.5 kpc [6]. From the central
and southwest regions, OH maser emission indi-
cates interaction with a molecular cloud [5] located
along the line of sight. Petre et al. [12] find an age
of ∼ 3000 years for the shell based on modeling
of soft X-ray emission; however, using a model of
SNR/molecular cloud interactions, Chevalier esti-
mates an age of 3 · 10

4 years [4].

Near the southern edge of the shell, Chandra [11,
7] and XMM [3] observations have resolved a
PWN, J061705.3+222127, that may be associated
with IC 443, though this association is not with-
out its difficulties. Modeling of the PWN suggests
that it is embedded in a hot, low-density medium,
consistent with the shock-heated supernova ejecta
rather than the interstellar medium or the molec-
ular cloud. The temperature of the neutron star
suggests an age of ∼ 3 · 10

4 years [7], in agree-
ment with the age of the shell estimated by [4].
The direction of motion of the PWN does not point
back to the center of the shell, though asymmetric
expansion of the shell and distortion of the PWN
tail by gas outflows could be exaggerating the ap-
parent misalignment between the geometrical cen-
ter of the SNR and the direction of motion of the
PWN [7]. If the PWN is not associated with IC
443, it may be associated instead with the overlap-
ping SNR G189.6+3.3 [2, 11].
The EGRET source 3EG J0617+2238 is located
at roughly the geometric center of the IC 443
shell, with a spectral index of -2.0 over the band
100 MeV - 30 GeV [8]. It is more likely that
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the gamma-ray emission is associated with the
shocked molecular cloud, which it overlaps, than
the PWN, which lies outside the 95 % confidence
interval. At TeV energies, IC 443 was previ-
ously observed by several groups, including the
Whipple collaboration, which set an upper limit on
the flux of 6 · 10

−12 cm−2s−1 (0.11 Crab) above
500 GeV [9]. The MAGIC collaboration has re-
cently reported a detection of IC 443 at the level of
0.065 Crab above 100 GeV; the emission follows
a power-law spectrum with a soft index of 3.1 [1].
The spatial coincidence between the maser emis-
sion, the EGRET source, and the VHE emission
are suggestive of hadronic cosmic-ray acceleration
and interaction with the molecular cloud, which
would provide a high density of target material for
the production of VHE gamma rays.
VERITAS is an array of four 12-m telescopes lo-
cated at an altitude of 1268 m on Mt. Hopkins in
southern Arizona, USA [10]. VERITAS observed
IC 443 with three telescopes during February and
March of 2007. The PWN location of RA 06 17
05.3, Dec +22 21 27 was tracked in wobble mode,
in which the source is displaced by 0.5° from the
center of the field of view. Roughly equal amounts
of data were acquired for each of four offset di-
rections. After the application of quality-selection
cuts on weather conditions and hardware and rate
stability, and correction for system livetime, ap-
proximately 16 hours of data remain.

Conclusions

The VERITAS array is now fully operational. Ob-
servations of the composite supernova remnant IC
443 with three telescopes have been conducted and
results will be discussed at the conference.
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