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We report on the detection of very high energy emission300 GeV) from IC310 with the
MAGIC telescopes. IC 310 is a head-tail radio galaxy locétethe Perseus galaxy cluster, and
has been recently detected by #Feami-LAT instrument. The spectrum observed by the MAGIC
telescopes is hard (spectral inde2.00+ 0.14). Strong hints of variability are seen in the data.
We discuss the possible origin of the very high energy gamayamission.
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1. Introduction

IC 310 is a nearby (80 Mpc, redshift= 0.019) head-tail radio galaxy located in the Perseus
cluster, 06° (~ 1 Mpc) away from NGC 1275, the cluster’s central galaxy. Tise of galaxies
display a radio morphology consisting of a bright head, sug@osed to the optical galaxy, and a
fainter, elongated tail. In the standard explanation obéhobjects, the jets are bent (by the ram
pressure or the the thermal pressure gradient of the ol medium) towards one direction
creating the “head” structure and fan out at larger distairt@ characteristic tail that extends over
many tens to hundreds of kpc (see e.g. [5]). Interestindl] §howed that the X-ray emission in
IC 310 may originate from the central AGN of the BL Lac-typgaath. Other observed characteris-
tics of IC 310 suggest that it may also be a dim (weakly bearnkedar [12]. The LAT instrument
on board thd~ermi satellite has recently detected IC 310 [11] with 5 photoravat80 GeV, 3 of
which had energy above 100 GeV.

MAGIC (Major Atmospheric Gamma Imaging Cherenkov) is a egsof two 17 m Imaging
Atmospheric Cherenkov Telescopes (IACT) located at theuRatg los Muchachos, Canary Island
of La Palma (28N, 18°W, 2200 m a.s.l). Presently both telescopes work togethsteieo mode at
energies> 60 GeV, and provide an excellent sensitivity<0fl% of the Crab Nebula flux (C.U.) at
energies above 250 GeV. In this proceeding, we present sudisef observations of the Perseus
cluster performed between 2008 and 2010 with the MAGIC telpes which led to the detection
of IC 310 [4].

2. Observation and Analysis

The MAGIC | telescope observed the Perseus cluster for Adb@4 h between November
2008 and February 2010 [3]. Since the end of October 2009 tA&IKZ 1l telescope was also
taking data, allowing the stereo analysis. Observation® \werformed in two pointing positions
offset by 04° from NGC 1275. IC 310 was in the field of view at the angularatise of 025° and
1° respectively. Only the closer position was used for theyaisl

After the data quality check, we obtained 20.6 h of MAGIC stedata taken between October
2009 and February 2010 (see [4] for details of the analySifle top panel in Fig. 1 shows the
so-calledthet& plot (squared distance between true and reconstructedespositions) with an
excess of 106 events, corresponding ®o7significance (calculated according to the prescription
by [7], Eg.17). The source was also detected in 27.5 h of mata @laken between September
2009 and February 2010) with a significance @@ Note that since part of the MAGIC | data are
also used in the stereo analysis, the two significances anmpletely independent.

It is interesting to note that contrary to 2009/2010 date,1h.2 h of good quality, mono data
taken at the end of 2008 do not show any significant exces® gidsition of IC 310 (see Fig. 1,
bottom right panel). The analysis of these data yield an ufppét for the flux F (> 300GeV) <
2.35x 10 12 cm~2 s~ corresponding to 1.9% C.U. (calculated using the [13] mekthith 95% of
confidence level and assuming 30% systematic error in atestlx level).

We also analyze&lermidata taken during the period between 4th of August 2008 atiddf5
July 2010 following the approach of [11]. We obtained thecspem of IC 310 in the 2- 200 GeV
energy band in two different ways. We performed a spectrakfitg the standarBermi unbinned
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Figure1: Thet& distribution of the IC 310 signal and the corresponding lgasknd estimation from stereo
observations performed between October 2009 and Febr0afy (he top panel)al phadistribution from
mono observations performed between September 2009 amdafgl2010 (bottom left), and November-
December 2008 (bottom rightlal pha andthet& distributions are based only on the usage of the closer
pointing position ((25° away from the IC 310). The energy threshold of the analysifirfdd as a peak of
the differential MC energy distribution) is 260 GeV for battono and stereo analyses.

likelihood analysis, taking into account all sources frdra ! year Fermi catalog [1] within 10

of IC 310. We also obtain spectral points by extracting phatmunts from the circle of radius®
centered on the source. Taking into account the proximity boight, nearby source (radio galaxy
NGC 1275), we estimated the background in Heemi analysis from three regions at® away
from NGC 1275 (see Fig. 2 and [11] for details).

3. Reaults

In Fig. 3, we show the MAGIC significance map of the Perseustefuegion above 400 GeV.
The location of the bright spot is consistent with the positdf the IC 310. In the panels inserted
in Fig. 3, we also show historical VLA radio image of IC 310.[@]he position of the gamma-ray
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Figure2: FermiLAT count rate image of
the IC 310 region [4] in three energy bands:
0.3—3 GeV (red), 3- 30 GeV (green) and
30— 300 GeV (blue). Solid (dashed) cir-
cles show the signal (background) integra-
tion regions used for obtaining thermiLAT
spectrum.
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Figure3: Significance skymap from the
MAGIC stereo observation (42 h; both point-
ing positions, [4]) for energies above 400 GeV.
In top left sub-panel we overlaid the IC 310 re-
gion with the NVSS (NRAO VLA Sky Survey
at 1.49 GHz; [6]) contours. The corresponding
NVSS image obtained wittladin is shown
VAR AR i in bottom left sub-panel. Positions of IC 310,
NGC 1275 and NGC 1265 are marked with
3.45 3.4 3.35 3.3 3.25 . .
RA [hr] black, white, and green crosses respectively.

1.5 NGC 1275 +

41

excess is coincident with the position of the radio emissAdrenergies above 400 GeV the MAGIC
stereo system has a point spread function (defined as a 40&ircoent radius, corresponding to
the standard deviation of a 2-dimensional Gaussian disiwif) of ~ 0.06°, which does not allow
to pinpoint the precise emission place.

The MAGIC stereo observations reveal a flat spectral energyitilition (SED) between
150 GeV and 7 TeV without any visible curvature or cut-off. eTdifferential spectrum can be
well fitted (x2/ngot = 2.3/4) by a single power-law:

dNvacic/dE = (1.140.2) x 10 2(E /TeV) 200:014cm=25-1Tey 2,

The mean gamma-ray flux above 300 GeV obtained from the stdaservations between October
2009 and February 2010(8.1+0.5) x 102 cm~2 571, corresponding t¢2.540.4)% C.U. This
value, combined with the upper limit from the 2008 datal(9% C.U.) shows a hint of variability
of IC 310 on a one-year time scale.

TheFermi-LAT points lay at the extrapolation of the MAGIC stereo psinAssuming a simple
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Figure4: Spectral energy distribution of
+ IC 310 obtained with 21 h of MAGIC stereo
data (the red circles). Black triangles show
H, "ﬁﬂf the flux measurements from theermiLAT
instrument. Grey dots show historical X-ray,
a0 optical, IR and radio data obtained with NED
“5 | database (see [4] and references within). The
B s — solid black line shows the spectral fit to the
: MAGIC data, and the dashed line the extrap-
g g w o Mo  olation to the GeV energy range. The inset

6 " 2 2 4 6 8 10 12, 413 .
1 100 100 1 100 100 100 100 10 150[21\9] shows a zoom of the MAGIC spectral points.
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15 gamma-ray emission above 300 GeV obtained
+ with MAGIC | (black) and MAGIC stereo
(red) observations. The vertical grey lines
¢ shows the arrival times of the 100 GeV pho-
* fffffff } %% tons from thé=ermi-LAT instrument [11]. The
black circle with an arrow is the upper limit
on the emission in November-December 2008.
1ot 1 1Lt 1, | The horizontal red dashed line marks a flux
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power law for theFermi spectrum, we obtain the differential flux in the energy ra@deé—7 TeV:
dNeermi/dE = (9.5+2.9) x 107 (E/10GeV) ~+98+025cm2571Tey 1,

The Fermi-LAT spectral index is very hard, mostly due to the highesrgn bin. FermiLAT and
MAGIC stereo SED is showed in Fig. 4

Hints of variability can be seen in the MAGIC light curve. tifig the individual light curves
(see Fig. 5) assuming constant flux yiejs'ngo s = 27.6/7 (for mono observations, corresponding
to 3.50) and 175/4 (stereo, o). The largest deviations from the mean value are for the time
intervals 13 — 14 October 2009.(® in mono above the mean flux), and 9 — 16 November 2009
(30 in mono, 3.2 in stereo, above the mean flux).

4. Conclusions and Discussion

The strong indications of variability disfavour the gamnag-production at the bow shock,
discussed by [11]. In this case the emission should be steadyme scales of thousands of
years. Assuming no Doppler boosting of the flux, variabilitgh a time scale of a year (a week)
constrains the transverse size of emission region ta b6'® cm (< 2 x 10 cm), which is much
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smaller than the size of the stationary shoek1(?* cm). The possible location of the gamma-
ray emission region is in the innermost part of the jet (as ébogM87, see [2]). The combined
MAGIC and Fermi spectral energy distribution is well described by a flat polag (index -2)
over 3 orders of magnitude from 2 GeV to 7 TeV. Such an extenitttdSED is hard to obtain in
a simple one-zone SSC model (e.g. [9]). A viable model of simismight be inverse Compton
scattering of external IR photon background photons froanedion flow or from the inner jet (see
e.g. [10]). Alternatively, a flat spectrum can be producedhim hadronic models (e.g. [8]) or
in more complicated, multi-zone leptonic models, where@Gad/~TeV emission of a few slightly
shifted inverse Compton peaks can also emulate a flat speelg. spine-sheath layer model,
[15]).
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