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ABSTRACT

We present evidence that the very-high-energy (VBHE; 100 GeV) gamma-ray emission coincident with
the supernova remnant IC 443 is extended. IC 443 contain®btie best-studied sites of supernova rem-
nant/molecular cloud interaction and the pulsar wind neltiXOU J061705.3+222127, both of which are
important targets for VHE observations. VERITAS obsen@&di43 for 37.9 hours during 2007 and detected
emission above 300 GeV with an excess of 247 events, reglidtia significance of 8.3 standard deviatioa (
before trials and 7.5 after trials in a point-source search. The emission is cedtat 8116M515+22°3011”
(J2000)10.03°4 £ 0.08°s, with an intrinsic extension of 6°+ 0.03°% £ 0.04%s. The VHE spectrum
is well fit by a power law §N/dE = Ny x (E/TeV) ™) with a photon index of D9+ 0.384, + 0.35s and an
integral flux above 300 GeV of (83 0.9044 & 0.93y) x 1012 cm? s1. These results are discussed in the
context of existing models for gamma-ray production in 1344
Subject headings: gamma rays: observations — ISM: individual (IC 443 = VER J®6%2230 = MAGIC

J0616+225)

1 Fred Lawrence Whipple Observatory, Harvard-Smithsoniant€ for
Astrophysics, Amado, AZ 85645, USA

2 Department of Physics and Astronomy and the Bartol Reséastitute,
University of Delaware, Newark, DE 19716, USA

3 Department of Physics and Astronomy, University of Catifar Los An-
geles, CA 90095, USA

4 Santa Cruz Institute for Particle Physics and DepartmeRhgsics, Uni-
versity of California, Santa Cruz, CA 95064, USA

5 Physics Department, McGill University, Montreal, QC H3A &T
Canada

6 Department of Physics, Washington University, St. Loui<) 183130,
USA

7 School of Physics and Astronomy, University of Leeds, Leé®&? 9JT,
UK

8 Harvard-Smithsonian Center for Astrophysics, 60 Gardeaeft Cam-
bridge, MA 02138, USA

9 Argonne National Laboratory, 9700 S. Cass Avenue, Argohng)439,
USA

10 school of Physics, University College Dublin, Belfield, Dinb4, Ire-
land

11 school of Physics, National University of Ireland, Galwagjand

12 Astronomy Department, Adler Planetarium and Astronomy &dus,
Chicago, IL 60605, USA

13 Department of Physics and Astronomy, University of Utaht Sake
City, UT 84112, USA

14 Department of Physics, Purdue University, West LafayéMe47907,
USA

15 Department of Physics, Grinnell College, Grinnell, IA 5211690,
USA

16 Department of Astronomy and Astrophysics, University ofic@go,
Chicago, IL, 60637

17 Department of Physics and Astronomy, Barnard College, 1@bla
University, NY 10027, USA

18 N.A.S.A./Goddard Space-Flight Center, Code 661, Gre¢nthéD
20771, USA

19 L aboratoire Leprince-Ringuet, Ecole Polytechnique, CHRZP3, F-
91128 Palaiseau, France

1. INTRODUCTION

IC 443 (G189.1 +3.0) is one of the most thoroughly stud-
ied supernova remnants (SNRs) and remains one of the clear-
est examples of an SNR interacting with molecular clouds.
IC 443 has a double-shell structure in the optical and radio
(Braun & Stroni 1986). The northeast shell’s interactiorhwit
the Hil region S249 places IC 443 at a distance & Rpc
(Fesen 1984). A second shell is expanding into a less-dense
region to the southwest. The age of IC 443 remains uncer-
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tain, with various estimates placing it in the rang8-30 kyr from the center of the field of view_(Fomin 1994). Ap-
(Petre et gl. 1988; Troja etlal. 2008; Lee €t al. 2008; Cheivali proximately equal amounts of data were acquired in each of
1999). four offset directions. Additional wobble observationgtwi
According to | Cornettetal.| (1977) and_Dickman et al. four telescopes were taken during October and November of
(1992), a molecular cloud encircles the remnant. OH 2007, using the centroid location determined from the earli

maser emission from the central and southeast regions inyata, §'16M52.85+22°330” (J2000). Application of stan-
dicates interaction with the foreground portion of the dou  gard quality-selection cuts on weather conditions and -hard
(Claussen et al. 1997; Hewitt et al. 2006). The total mass ofyare and rate stability resulted in 16.8 hours live time itada
the cloud is~10° M, (Torres et all 2003). Dickman etlal. set 1 and 20.9 hours in data set 2, with mean zenith angles
(1992) and_Lee etall (2008) estimate the00-2000 M, of 20° and 17°, respectively. Data set 2 is used for the spec-
of cloud material have been directly perturbed by the SNR | analysis. In this data set, 0.8 hours were taken with a

shock. o non-standard array trigger configuration, and these ruas ar
IC 443's X-ray emission is primarily thermal and peaked excluded from the spectral analysis.

towards the interior of the northeast shell (Petre 5t al8198  The data are analyzed following standard procedures de-
Troja et al. 2006), placing IC 443 in the mixed-morphology scribed if Cogan et 4l. (2007) and Daniel etlal. (2007). Show-

class of SNRs. Observations by Chandra (Olbertiet al.|2001;ers are reconstructed for events in which at least two tepesc
Gaensler et al. 2006) and XMM.(Bocchino & Bykov 2001) of images passed pre-selection criteria: number of pixellen t

the southern edge of the shell have resolved a pulsar wind nebcamera image- 4, number of photoelectrons in the image
ula (PWN), CXOU J061705.3+222127, that may be the com- -, 75 and distance of the image centroid from the camera
pact remnant of IC 443’s progenitor. Although the direction center< 1.43°. These criteria impose an energy threstold
of motion of the neutron star, inferred from the morphology of 300 Gev.
of the X-ray PWN, does not point back to the center of the ~ The event-selection cuts are optimized for weakl 6%
shell, asymmetric expansion of the shell and distortiorheft  of the Crab Nebula flux) point sources using data taken on
PWN tail by turbulence in the ambient medium could be ex- the Crab Nebula. Cosmic-ray rejection is performed us-
aggerating the apparent misalignment (Gaensler et al.)2006 jng the mean-scaled width (selecting events within the range
No pulsations have been detected at any wavelength. 0.05-1.24) andnean-scaled length (selecting events within
The centroid of the unidentified EGRET source 3EG the range 0.05-1.40) parameters, as describéd in Konopelko
J0617+2238 is located near the center of the IC 443 shell,(199%). The ring-background modél (Aharonian éf al. 2005)
but the limited angular resolution of EGRET makes it im- js ysed to study the morphology and the reflected-region
possible to resolve the 45" extension of the remnant com-  model (Aharonian et al. 2001) is used to determine the spec-

plex. The EGRET source has a spectral index-201+ trum. Regions of radius 0.4° around the source location and
0.06 over the band 100 MeV-30 GeV and an integral o3¢ around two bright stars are excluded from the back-
flux above 100 MeV of 510" cm™® s (Hartmanetal.  ground estimation. All results presented here have beén ver

1999). AGILE (AGL J0617+2236) and the Fermi Gamma- fied by an independent calibration and analysis chain; in par
ray Space Telescope (OFGL J0617.4+2234) have recently reticylar, the morphology was cross-checked using a template
ported gamma-ray detections with position and flux consis- packground model (Rowsll 2003) because it is sensitive to
tent with EGRET (_PIttOI’I et -Ell. 2009; Abdo et al. 2009) IC a different combination of Systematic effects than the _ring
443 was detected in very-high-energy (VHE> 100 GeV)  packground model; this is especially relevant for fields tha
gamma rays by MAGIC| (Albert et al. 2007) and VERITAS ¢ontain bright stars.
(Humensky et &l. 2007). MAGIC J0616+225 is a point-ike  one systematic issue particular to this data set is the pres-
source coincident with the densest part of the moleculargnce of two bright stars in the IC 443 field: Eta Gem (V band
cloud and the OH maser emission observed therein. It haspagnitude 3.31), located 0.53° from the PWN; and Mu Gem
a power-law spectrum described by@3 0.2¢a + 0.35ys) x (V band magnitude 2.87), located 1.37° from the PWN. The
10YE /0.4 TeV)31#+03at02» Tev ! cmi2 st in the range  high flux of optical photons from the stars requires that sev-
0.1-1.6 TeV. In this paper, deep VHE gamma-ray observa- eral photomultiplier tubes (PMTs) in each camera be turned
tions of IC 443 with VERITAS are reported that reveal ex- off during the observations and produces higher noise devel
tended emission coincident with the molecular cloud struc- in the signals of nearby PMTs. These effects reduce the ex-
ture. posure in the vicinity of the stars and degrade the angusar re
2. OBSERVATIONS AND ANALYSIS olution. A high telescope-multiplicity requirement, debed

VERITAS (Holder et al, 2006) consists of four 12-m imag- below, was chosen for studying morphology in order to make

ing atmospheric Cherenkov telescopes located at an atitud the direction reconstruction more robust against thesetsit

. In order to verify that the presence of a bright star in thelfiel
of 1268 m a.s.l. at the Fred Lawrence Whipple Observatory
in southern Arizona, USA (31° 40’ 30" N, 110° 57° 07" W). does not produce a false excess, kHr exposure was taken

Each telescope is equipped with a 499-pixel cameraf 3 on a sky field that contained a magnitude-2.7 star (36 Eps

field of view. The array, completed in the spring of 2007, is Boo) but lacked any likely gamma-ray sources. No excess

sensitive to a point source of 1% of the steady Crab Nebulalgo(z)bﬁ:lg/ed atthe location equivalentto IC 443 in the 36 Eps

flux above 300 GeV at & in less than 50 hours at 20° zenith

angle. _ _ 3. RESULTS
Data Sot 1 was acauired with tres telescopes durng the, 1eT® 2 updated, standard point-source analysis of the
commissioning phase in February and March of 2007. TheComblned data set (1 & 2) is presented, in which a maxi-

) mum significance of 8.3 standard deviationg before tri-
PWN location of §17M5.35+22°2727" (32000) was tracked
in wobble mode, in which the source is displaced bg°0 33 peak of the differential counting rate for a Crab Nebula-Epectrum.



Observations of IC 443 with VERITAS

als (7.50 post trials, accounting for a blind search over
the region enclosed by the shell of IC 443) is found at

06116M495+22°2830” (32000) and a significance of 668

at the location of MAGIC J0616+225. The significance is
calculated according to equation 17.of Li & Ma (1983). Ta-
ble[I summarizes the results of this analysis at the location
of maximum significance, listing the counts falling withhret
point-source integration radius of 0.112hj, the counts in-
tegrated in a background ring spanning radii 0.6-0c°f},

the ratio ofon exposure tof f exposured), and the resulting
number of excess counts and significance.

3.1. Morphology

Figurel shows the significance map for the IC 443 field. To
study the source morphology, an integration radius of 02112
is used and the best-reconstructed gamma rays are selects

3

Fermi source OFGL J0617.4+2234 is displaced from the cen-
troid of the VHE emission by~0.15°, this is consistent at
the 95% level with the combined errors quoted by Fermi and
VERITAS.

The VHE gamma-ray emission observed by VERITAS and
MAGIC is offset from the location of the PWN by 10-20
arcmin, commensurate with other offset PWNe such as HESS
J1825-137|(Aharonian etlal. 2006a). The emission is con-
sistent with a scenario in which the VHE emission arises
from inverse Compton scattering off electrons accelerated
early in the PWN’s life. Such a scenario was presented
by IBartko & Bednarek| (2008). Under the assumption that
the VHE emission is associated with IC 443 at a distance
of 1.5 kpc, the luminosity in the energy band3e.0 TeV
is 4x 10% erg s*. The spin-down luminosity of the pul-
sar has been estimated a40°® erg s* (Olbert et al! 2001;
Bocchino & BykoV 2001) and & 10°’ erg s* (Gaensler et al.

by requiring that an event must have all 3 images and all2006). If the PWN association is correct, the VHE luminosity
4 images surviving the pre-selection cuts in data sets 1 andn the 03-2.0 TeV band is less than0.04% of the spin-down

2, respectively. This requirement increases the analysis e
ergy threshold by~15% and reduces the excess ©%0%.
The centroid and intrinsic extension of the excess are chara
terized by fitting an azimuthally symmetric two-dimensibna
Gaussian, convolved with the P8Ff the instrument, to an
acceptance-corrected uncorrelated excess map with aziin si
of 0.05°. The PSF has a 68% containment radius of 0.11°.
The centroid is located at 0686M515+22°3011” (J2000)+
0.03°%4 + 0.08°%s, consistent with the MAGIC position. The
extension derived in this fashion isl®°+ 0.03 % 4= 0.04°ys.

The difference in extension between this work and the point-
like source detected hy Albert etigl. (2007) can be explained
by the difference in angular resolution and sensitivitynesn
VERITAS and MAGIC, the latter of which has an angular
resolution of~0.15° for 68% containment and a sensitivity
above 200 GeV of 2% of the Crab Nebula flux in 50 hours
(Albert et al! 2008).

3.2. Spectrum

The threshold for the spectral analysis is 300 GeV; the
energy resolution is less than20% at 1 TeV. The pho-
ton spectrum, integrated within a radius of 0.235°, is shown
in Figure[2. The photon spectrum is well fitq/ndf =
3.1/3) by a power lawdN/dE =N x (E/TeV) ! in the range
0.317-20 TeV, with a normalization of (88+ 2.1044 +
2.50ys) x 10%° TeV! cm?s? and an index of B9+
0.384a +0.304s. The integral flux above 300 GeV is.gB+
0.90g4 & 0.935) x 1012 cm 2 s1 (3.2% of the Crab Nebula
flux), consistent within errors with the spectrum reportgd b
MAGIC (Albert et al. 20077).

4. DISCUSSION AND CONCLUSIONS
Figure[3 shows the inner® of the excess map and places

luminosity, well within the~0.01-10% range of observed
VHE efficiencies for other PWNe_(Gallant 2007). Likewise,
synchrotron cooling is unlikely to rule out an offset PWN
scenario. The lifetime of a synchrotron-emitting electron
with energyE is 7(E) ~ 1.3 x 10’(B/uG)?(E/1 GeV)* kyr
(Gaisser et al. 1998). Assuming the TeV photons are pro-
duced by~20-TeV electrons in a magnetic field ef5 uG
(comparable to typical interstellar fields), synchrotronling

is only just beginning to become important even if the age of
IC 443 is as high as-30 kyr. Note that in the nebula-powered
scenario presented by Bartko & Bednarek (2008), the GeV
emission is assumed to be unresolved pulsar emission. The
displacement of OFGL J0617.4+2234 from the PWN location
argues against that scenario.

Alternatively, Figuré B can be interpreted within a scemari
of hadronic cosmic-ray acceleration and subsequent ititera
tion with the molecular cloud, which would provide a high
density of target material for the production of VHE gamma
rays. The correlation of the VHE emission with the molec-
ular cloud is natural within this scenario. The low velocity
of the SNR shock implied by the presence of maser emis-
sion (Hewitt et all 2006) indicates that the shock is in its ra
diative phase in this region and cosmic-ray acceleration is
most likely now inefficient. Thus, the cosmic rays acceler-
ated during the shock’s earlier propagation have diffuséal i
the remnant and the upstream region, including the molec-
ular cloud. The steep VHE spectrum can be explained ei-
ther as a low maximum energy to which particles were ac-
celerated prior to the shock hitting the cloud, or an energy-
dependent rate of diffusion of cosmic rays out of the cloud
(Aharonian & Atoyan 1996).| Zhang & Fang (2008) model
the remnant as evolving partially within and partially adés
the cloud, and find that a hadronic interpretation can erplai
the VHE emission. However, Torres ef al. (2008) point out

the VHE emission in a multi-wavelength context. The TeV that in thel Zhang & Famnd (2008) model, the GeV and TeV
centroid is~ 0.15° from the position of the PWN and 0.03° emission ought to be spatially coincident; it is not yet clea
from the nearby, bright maser emission coincident with gum whether they arel_Torres et al. (2008) present an altemativ
G of[Huang & Thaddeus (1986). Two additional weaker re- picture in which cosmic rays escape from the SNR shock and
gions of maser emission lie along the southern rim of the diffuse toward the cloud, similar to what may be occurring
remnant, east of the PWN_(Hewitt et al. 2006). The VHE in the Galactic Ridge (Aharonian et al. 2006b) and the region
emission overlaps the foreground molecular cloud. Whige th  surrounding the SNR W 28 (Aharonian eflal. 2008). This pic-
ture can naturally accommodate spatially separated GeV and
TeV emission by positing clouds at different distances from
the SNR shock._Rodriguez Marrero et al. (2009) extend this
work to make predictions for the Fermi Gamma-ray Space

34 The PSF is characterized as a sum of two, two-dimensionassans
describing a narrow core and a broader tail. It is determfrad data taken
on the Crab Nebula, which is a point source at these enefélbsrt et al.
2008).
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Telescope (Fermi) and find that Fermi should see a movemenbf an extended source with an index 0824 0.3844 £ 0.30ys
of the centroid towards the TeV position as the photon en-and a flux of (463+ 0.90x5 + 0.93s) X 102cm?2 st above
ergy increases, along with a gradual spectral softening Th 300 GeV. The location and flux are consistent with MAGIC
combination of GeV and TeV observations may also provide J0616+225. This deep VERITAS observation reveals that
additional constraints on the diffusion coefficient anddise the VHE emission is extended.(®%°+ 0.03°%4 + 0.04%s),
tance between the SNR and the molecular cloud. with its brightest region coincident with the dense cloud ma
Further GeV and TeV gamma-ray observations will help terial and maser emission. The emission is offset from the
to clarify the nature of the particle acceleration assedat nearby PWN CXOU J061705.3+222127, a viable source for
with IC 443. The~0.15° separation between the centroids the VHE emission. If further VHE observations reveal an
of OFGL J0617.4+2234 and VER J0616.9+2230, though notenergy-dependentmorphology, it may become possibleto dis
statistically significant, may hint at an energy-dependemt tinguish cleanly between scenarios related to the PWN and to
phology. Such a morphology will be explored with future ob- hadronic cosmic rays interacting with the molecular cloud.
servations by VERITAS, and has the potential to discrimgnat
between the scenarios outlined above. A break in the energy
spectrum between the GeV and TeV bands is required whether This research is supported by grants from the US Depart-
or not OFGL J0617.4+2234 and VER J0616.9+2230 are di- ment of Energy, the US National Science Foundation, and the
rectly related. Future observations by VERITAS will impeov ~ Smithsonian Institution, by NSERC in Canada, by Science
the statistics above 100 GeV, anchoring the measurement ofoundation Ireland, and by STFC in the UK. We acknowledge
the VHE cut-off to the gamma-ray emission. The combined the excellent work of the technical support staff at the FLWO
spectrum from 100 MeV to several TeV will provide power- and the collaborating institutions in the construction apd
ful constraints on the emission mechanism(s) (Gaisset et aleration of the instrument. Some of the simulations used in

1998).

this work have been performed on the Joint Fermilab - KICP

In summary, VERITAS observations of the composite su- Supercomputing Cluster.
pernova remnant IC 443 during 2007 have yielded a detection Facilities: FLWO:VERITAS.

REFERENCES

Abdo, A. A. et al. 2009, ApJS, submitted (arXiv:0902.1340)

Aharonian, F. A. & Atoyan, A. M. 1996, A&A, 309, 917

Aharonian, F. et al. 2001, A&A, 370, 112

Aharonian, F. et al. 2005, A&A, 430, 865

Aharonian, F. et al. 2006a, A&A, 460, 365

Aharonian, F. et al. 2006b, Nature, 439, 695

Aharonian, F. et al. 2008, A&A, 481, 401

Albert, J. et al. 2007, ApJ, 664, L87

Albert, J. et al. 2008, ApJ, 674, 1037

Bartko, H. & Bednarek, W. 2008, MNRAS, 385, 1105

Bednarek, W. & Bartosik, M. 2003, A&A, 405, 689

Bocchino, F. & Bykov, A. M. 2001, A&A, 376, 248

Braun, R. & Strom, R. G. 1986, A&A, 164, 193

Chevalier, R. A. 1999, ApJ, 511, 798

Claussen, M. J., Frail, D. A., Goss, W. M. & Gaume, R. A. 1991,)A489,
143

Cogan, P. et al. Proceedings of the 30th International GosRay
Conference; Rogelio Caballero, Juan Carlos D'Olivo, Grestisledina-
Tanco, Lukas Nellen, Federico A. Sanchez, José F. Valdési&éeds.);
Universidad Nacional Auténoma de México, Mexico City, Mzxi 2008;
\ol. 3 (OG part 2), pages 1385-1388

Cornett, R. H., Chin, G. & Knapp, G. R. 1977, A&A, 54, 889

Daniel, M. K. et al. Proceedings of the 30th Internationals@& Ray
Conference; Rogelio Caballero, Juan Carlos D'Olivo, Grestisledina-
Tanco, Lukas Nellen, Federico A. Sanchez, José F. Valdési&éeds.);
Universidad Nacional Auténoma de México, Mexico City, Mzxi 2008;
\ol. 3 (OG part 2), pages 1325-1328

Dickman, R. L., Snell, R. L., Ziurys, L. M. & Huang, Y.-L. 1992pJ, 400,
203

Fesen, R. A. 1984, ApJ, 281, 658

Fomin, V. P. 1994, Astropart. Phys., 2, 137

Gaensler, B. M., Chatterjee, S., Slane, P. O., van der SwauvCamilo, F.
& Hughes, J. P. 2006, ApJ, 648, 1037

Gaisser, T. K., Protheroe, R. J., & Stanev, T. 1998, ApJ, 229,

Gallant, Y. A. 2007, Ap&SS, 309, 197G

Hartman, R. C. et al. 1999, ApJS, 123, 79

Hewitt, J. W., Yusef-Zadeh, F., Wardle, M., Roberts, D. A. &36im, N. E.
2006, ApJ, 652, 1288

Holder, J. et al. 2006, Astropart. Phys., 25, 391

Huang, Y. L. & Thaddeus, P. 1986, ApJ, 309, 804

Humensky, T. B. et al. Proceedings of the 30th Internatid®asmic Ray
Conference; Rogelio Caballero, Juan Carlos D’Olivo, Gusstiledina-
Tanco, Lukas Nellen, Federico A. Sanchez, José F. Valdési&éeds.);
Universidad Nacional Auténoma de México, Mexico City, Maxi 2008;
Vol. 2 (OG part 1), pages 835-838

Konopelko, A. 1995, Proc. Towards a Major Atmospherics €hkov
Detector-1V, ed. M. Cresti, 373

Lee, J.-J., Koo, B.-C., Yun, M. S., Stanimirovic, S., Heil€s, & Heyer, M.
2008, AJ, 135, 796

Li, T.-P. & Ma, Y.-Q. 1983, ApJ, 272, 317

McLean, B. J. and Greene, G. R. and Lattanzi, M. G. & Pirenne20,
in ASP Conf. Ser. 216, Astronomical Data Analysis Software Systems
IX, ed. Manset, N. and Veillet, C. and Crabtree, D., 145

Olbert, C. M., Clearfield, C. R., Williams, N. E., KeohaneW. & Frail, D.
A. 2001, ApJ, 554, L205

Petre, R., Szymkowiak, A. E., Seward, F. D. & Willingale, R88, ApJ, 335,
215

Pittori, C. et al. 2009, A&A, submitted (arXiv:0902.2859)

Rodriguez Marrero, A. Y., Torres, D. F. & de Cea Del Pozo, EO20
arxiv:0901.2615

Rowell, G. P. 2003, A&A, 410, 389

Torres, D. F., Romero, G. E., Dame, T. M., Combi, J. A. & ButtMY 2003,
Phys. Rep., 382, 303

Torres, D. F., Rodriguez Marrero, A. Y. & de Cea Del Pozo, EO0
MNRAS, 387, L59

Troja, E., Bocchino, F. & Reale, F. 2006, ApJ, 649, 258

Troja, E., Bocchino, F., Miceli, M. & Reale, F. 2008, A&A, 48877

Zhang, L. & Fang, J. 2008, ApJ, 675, L21


http://arxiv.org/abs/0902.1340
http://arxiv.org/abs/0902.2959
http://arxiv.org/abs/0901.2615

Observations of IC 443 with VERITAS
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FiG. 1.— Significance map for the IC 443 field. The black circleidates
the one-sigma angular extension (see text). The black -traissndicates
the centroid position and its uncertainty (statistical aydtematic added
in quadrature), and the white cross-hair likewise indisatee position and
uncertainty of MAGIC J0616+225 (Albert etlal. 2007). Red toums: optical
intensity (McLean et al. 2000). White star: location of thar £ta Gem. The
white circle indicates the PSF of the VERITAS array.

TABLE 1
ANALYSIS RESULTS FORVERITAS OBSERVATIONS OFIC 443.
on of f « excess  significance
(o)
datasetl 393 5152 0.0610 78.7 4.1
dataset2 609 7331 0.0601 168.1 7.3
combined 1002 12483 0.0604 247.5 8.3

Significance
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FiG. 2.— Spectrum of IC 443, scaled I®#. Red points are the VERITAS
spectrum (red tick marks along top indicate bin edges). Hukline is a
power-law fit (see text), with residuals to the fit plottedtie fower box. The
MAGIC spectrum is indicated by the gray band and extends dow0 GeV.
VERITAS error bars and MAGIC error band reflect statistigabes only. The
Crab spectrum (V. Acciari et al. 2009, in preparation) isveh@s a dashed
line for comparison.
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Fic. 3.— Inner 08° of the acceptance-corrected excess map for the IC
443 field. Markers and contours follow Figuré 1, with seveadtitions.
Thick black contours: CO survey (Huang & Thaddéus 1986)cklatar:
PWN CXOU 3061705.3+22212mmm0015; open blueeci95%
confidence radius of OFGL J0617.4+22 009) fitlad black
triangles: locations of OH maser emission (Claussen ef8l7;1]. W. Hewitt,
private communication).




