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» Significant TeV emission is observed from the entire northeast lobe, but
remains brightest in the SNR/MC interaction region.

» Energy spectra are extracted from the VERITAS data for four circular
regions (0.13° radius) and the entire SNR (0.35° radius), as indicated below,
and shown along with Fermi-LAT spectra extracted for each (approximate)
quadrant [14].

» The broad-band y-ray spectra for all regions are well described as broken
power laws with I'; ~ 2.3, I, ~ 2.9, and a break energy E, ~ 60 GeV [14].

* Uncertainties 1n the absolute flux calibration between Fermi-LAT and
VERITAS are not considered here.

* No clear difference in spectral shape for distinct emission regions (e. g.
dense clound in region 1 vs. fast atomic shock in region 4).

IC443 1s a Galactic supernova remnant (SNR) in which there 1s clear evidence
for the interaction of a dense molecular cloud with the supernova blast wave.
This interaction makes the region an excellent laboratory in which to study the
connection between particle acceleration and gamma ray emission in SNRs.
Previous observations in the GeV to TeV band with MAGIC and VERITAS
showed gamma-ray emission coincident with an extended region of interaction
between the shock wave and the molecular cloud. At lower energies (MeV to
GeV), Fermi-LAT observations have revealed the signature of hadronic emission
with 1its characteristic “pion bump”. Furthermore, observations in other
wavelengths such as radio, infrared, optical and X-rays indicate that the
environment around the remnant is complex, with a range of different densities.
In this new study, with the help of additional data, VERITAS observations have
been used to resolve the TeV morphology of 1C443 at the few arc-minute scale.
We will present results on the gamma-ray morphology and discuss possible
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energy spectrum. In this new study, we performed a deep observation of 1C 443 1 Energy (TeV)
with VERITAS and have been able to resolve the y-ray emission from the IC » TeV/GeV integral flux ratios are consistent within statistical errors between
443 in the TeV band. all four regions, despite ~10x change in brightness [14].
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Energy range 25 EE 2y IS » Ratio of flux to gas mass shows significant differences between the dense
Energy resolution 15-25 % molecular (1,2,3) and diffuse atomic (4) regions [14].
Sensitivity 1% Crab in 25h
Angular resolution Rego, < 0.10° above 1 TeV
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» Optical: TeV emission fills northeastern lobe but is brightest along the lane of

—y T g i < extinction across the middle of the SNR that is due to the foreground,
VERITAS observations of IC 443 span a period of 8 years, starting in February B VERITAS > 200 interacting giant molecular cloud (seen in '2CO maps).
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2007 and concluding in January 2015. In total, 177 hours of observations were e

taken, yielding 155 hours after quality selection and correction for dead time.
These data include 52.5 hours taken 1n the first epoch, prior to the relocation of
telescope T1, 42.4 hours 1n the second epoch with the new location of telescope
T1, and finally 81.9 hours in the third epoch with the upgrades in the camera
trigger system and PMTs. This data set provides an increase by a factor of 4.5
over the exposure used in [6] for sky maps, and by a factor of 9 for the spectral
studies compared to [6]. For the analysis of the data, the standard VERITAS
procedure 1s adopted [12]. We use “moderate” cuts which require that at least
three 1mages pass the image quality cuts, giving an energy threshold of ~240

» The GeV emission shows remarkably good spatial correlation with the TeV
emission, arguing for a single population of cosmic rays responsible for both.

» The IR traces out the shocked gas in the southern molecular ridge and
interacting atomic regions along the northeast, and 1s well tracked by the TeV
emission.

» Soft, thermal X-rays anticorrelate with the TeV emission.

» Tracers of the ambient gas (eg, '2CO) and shocked gas (eg, HCO+) are tracked
well by the TeV emission.
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» Strong differences in environment but no clear differences in spectral shape! K /
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Q Order of magnitude variation in intensity but TeV/GeV integral flux ratios consistent within errors. / /




