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ABSTRACT

We report on the detection of very-high energy (VHE> 100 GeV)y-ray emission from NGC 1275, the central radio galaxy of the Perseus
cluster of galaxies. The source has been detected by the MAGIC telescopes with a statistical significahice afdve 100 GeV in 46 hr

of stereo observations carried out between August 2010 and February 2011. The medfenettidi energy spectrum between 70 GeV and
500 GeV can be described by a power law with a steep spectral index=0f-4.1 + 0.744 + 0.354, and the average flux above 100 GeV is

F, = (1.3+£0.2¢x + 0.34¢) x 107t cm2 571, These results, combined with the power-law spectrum measured in the first two years of observation
by the Fermi—LAT above 100 MeV, with a spectral index bf~ —2.1, strongly suggest the presence of a break or fiugtmund tens of GeV

in the NGC 1275 spectrum. The light curve of the source above 100 GeV does not show hints of variability on a month time scale. Finally, \
report on the nondetection in the present data of the radio galaxy IC 310, previously discovere&dsyntheAT and MAGIC. The derived flux

upper limitF--(> 300 GeV)= 1.2 x 102 cm? s* is a factor~ 3 lower than the mean flux measured by MAGIC between October 2009 and
February 2010, thus confirming the year time-scale variability of the source at VHE.
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1. Introduction from 3% to 6% (Maza, 1979; Martin et al., 1983), implying that
the relativistic jet contributes significantly to the optical con-
NGC 1275 ¢ = 0.0179), the central dominant galaxy oftinuum (Angel & Stockman, 1980). The source has also been
the Perseus cluster, harbors one of the closest active gaklassified as a BL Lac object (Veron, 1978). However, the jet in-
tic nuclei (AGN), already included in the original Seyfercreases its inclination from 1@o 20° on milliarcsecond scales
list (Seyfert, 1943). The AGN is a very bright radio source
showing an extended jet with Fané#r®iley | morphology * Corresponding authors: S. Lombardi (saverio.lombar-
(e.g. Vermeulen et al., 1994; Buttiglione et al., 2010). The ogi@pd.infn.it), P. Colin (colin@mppmu.mpg.de), D. Hildebrand
tical emission of the nucleus is variable and strongly polarizédorothee.hildebrand@phys.ethz.ch), and F. Zandanel (fabio@iaa.es)
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up to 40 to 60° at arcsecond scales (Krichbaum et al., 19923re working in stereoscopic mode providing an excellent sen
Due to its brightness and proximity this source is idealligezli  sitivity of < 0.8% of the Crab flux (C.U)for energies above
to study the physics of relativistic outflows and the “feecifa ~ 300 GeV in 50 hr of observations (Aleksi¢ et al., 2011a) and
effects of the jet on the cluster environment (e.g. Fabian et al.trigger energy threshold of 50 GeV, which is the lowest agnon
2008; Gallagher, 2009). the existing IACTs. The MAGIC telescopes are currently the
In fact, NGC 1275 is one of the closestay emitting AGN. most sensitive instrument between 50 GeV and 200 GeV, allow-
It was first unambiguously detected in the high-energy (HE)g us to extend up to the TeV scale the observations cartied o
100 MeV < E < 100 GeV)y-ray range by thd=ermi Large by theFermi—LAT.
Area Telescope (LAT) (Abdo et al., 2009), during the firstfou = The Perseus galaxy cluster region was observed by the
months of all-sky-survey observations, with an average fluXMAGIC telescopes during two campaigns. The first one was car-
above 100 MeV ofF, = (2.10+ 0.23)x 10" cm?s™t. The ried out between October 2009 and February 2010, for a tbtal o
differential energy spectrum between 100 MeV and 25 Gesérvation time of 43 hr. This survey resulted in the discovery of
was described well by a power law with a spectral index dfie radio galaxy IC 310 as VHE emitter (Aleksi¢ et al., 201.0b
I' = -2.17+0.05. While no variability was observed during thes@he latest campaign (total observation time ofbBr), which
four months of observations, subsequent results baseedingh resulted in the detection of NGC 1275 at VHE presented in this
year ofFermi—LAT observations (Kataoka et al., 2010) show eetter, was performed between August 2010 and February.2011
idence of flux variability on time scales of months. Furtherey The source was observed in the wobble mode (Fominetal.,
the average-ray spectrum show a significant deviation from 4994), with data equally split in four pointing positioncéted
simple power law, indicating an exponential cu-at the break symmetrically at 3% from NGC 1275, in order to ensure opti-
photon energy oE; = (42.2 + 19.6) GeV. mum sky coverage and background estimation. The survey was
More recently, the results obtained from the first two yearsarried out during dark time at low zenith angles (fronf 1@
of Fermi—LAT observations (Brown & Adams, 2011) have giver36°), which guaranteed the lowest energy threshel8Q GeV).
clear evidence for variability on time scales of days above The data analysis was performed using the standard
800 MeV, revealing that several major flaring events ocaurrdlAGIC software package (Albertetal., 2008b; Aliuetal.,
during the two-year observation period. A harder-wheigiiter 2009), taking advantage of newly developed stereoscopic
correlation between flux and spectral index was also fourghalysis routines (Moralejo et al., 2009; Aleksic et aD12a;
Brighter and therefore harder GeV states are then promis-Lombardi et al., 2011). The analysis cuts applied to NGC 1275
ing for triggering observations at very high energy (VHE,> data were optimized by means of contemporaneous Crab Nebula
100 GeV). Finally, present upper limits at VHE provided bylata and Monte Carlo (MC) simulations.
MAGIC-I (Aleksi€ et al., 2010a) and VERITAS (Acciari et al. After the application of standard quality checks hr of
2009) combined with th&ermi—LAT results mentioned above data were rejected mainly due to nonoptimal atmospherie con
suggested that NGC 1275 may have a break or ffutrothe ditions. The selected sample used for deriving the resuéis p
spectrum around tens of GeV. sented here is therefore composed by744r of good quality
The Perseus galaxy cluster contains anoghety source, the stereo data.
radio galaxy IC 310, located at 0.6° from NGC 1275. It was
discovered in 2010 by thieermi—LAT in the 30 GeV — 300 GeV
energy range (Neronov et al., 2010) and for energi@60 GeV
by MAGIC (Aleksic et al., 2010b). The combined MAGIC andThe#? distributiong with respect the signal region and the back-
Fermi—LAT spectrum is consistent with a flat spectral energy diground (estimated from 3 distinct regions), for energiesvab
tribution (SED) stretching without a break over more thare¢h 100 GeV, are shown in Fig. 1. We found an excess of 634
orders of magnitude in energy (2 GeV — 7 TeV). The spectrumetents, corresponding to a significance éf€tandard deviations
VHE measured by MAGIC has a spectral indeXof -2.00+ (o), calculated according to the Eq. 17 of Li & Ma (1983). It is
0.14, and the mean flux above 300 GeV, from October 2009 Wworth noting that the background estimation is nfieated by
February 2010, wab, = (3.1+ 0.5) x 102 cm™2s™1. Strong a possible IC 31§-ray contribution, since the latter source was
hints of a week to a year time-scale variability were seetén tnot detected in the present data.
MAGIC data. The NGC 1275 dterential energy spectrum measured by
In this letter we present the results of the observations BFAGIC between 70 GeV and 500 GeV can be described by a
NGC 1275 at VHE performed with the MAGIC telescopes besimple power law ¢?/ngos = 0.76/1)
tween August 2010 and February 2011, which resulted in the E
first detection of the source above 100 GeV. The same 0B~ _ (314 1,04 + 0. —10( )
servational campaign also provided results on the vaitgpbil dE (31:+ 1.0ga £ 0.79) x 10 100 GeV/ ’
at VHE of IC 310. This letter is accompanied by a separagg units of cn2sTeV!, with T = -41 + 0.7qx +
paper dedicated to the study of the Perseus cluster envirgrgwst3_ The mean flux above 100 GeV i, = (13
ment, focusing on possible VHE=ray emission induced by cos-
mic rays (Aleksit et al., 2011b). The multiwavelength esiua 1 In this letter C.U. stands for Crab units, defined as the ifvaabf

of NGC 1275 from radio to VHE will be addressed in futuréhe Crab Nebula flux given in Eq. 1 of AleksiC et al. (2011a)ish
work. corresponds for energies above 100 GeV.»51071% cm 2 s71.

2 The#? is the squared angular distance between the arrival directi
of the events and a given nominal position (e.g. Daum et @7}
2. Observations and analysis 8 The systematic errors of the flux normalization and the gnerg

. . . .spectral slope considered here have been estimated to beaB8%
The MAGIC system consists of two 17 m dish Imaging Ail. 3 respectively, whereas the systematic error on the erszgle

Cherenkov Telescopes (IACTs) located at the Roque de {gS17%. These values are more conservative than those feésen
Muchachos observatory, in the Canary Island of La Palmaaleksit et al. (2011a), given the flux weakness and thetsgksteep-
(28.8°N, 17.8°W, 2200 m a.s.l.). Since late 2009 the telescop@gss of NGC 1275, as measured by MAGIC.

3. Results
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Fig. 1. * distributions of the NGC 1275 signal and the backFig.2. NGC 1275 spectral energy distribution measured by
ground estimation from 4% hr of MAGIC stereo observations MAGIC between 70 GeV and 500 GeYV (filled squares), together
taken between August 2010 and February 2011, above an enavijh the results above 100 MeV achieved from the first year
threshold of 100 GeV. The region between zero and the vérti¢élled circles, Kataoka et al., 2010), and from the first tveays
dashed line (at.02 degre€l represents the signal region. (open circles, Brown & Adams, 2011) of tHeermi—LAT all-
sky-survey observations. The power-law fits to thermi—LAT
data (extrapolated up to 1 TeV) are also shown, together with

0.24a + 0.34%) x 101 cnr2sL, corresponding to (8 + the exponential power-law fit provided in Kataoka et al. @01

0.44a + 0.655)% C.U. The steepness of the spectral index mea-
sured by MAGIC strongly supports the presence of a break or
cut-of in the NGC 1275 spectrum around tens of GeV, as al-
ready suggested by thermi-LAT results (Kataoka et al., 2010;
Brown & Adams, 2011), and is consistent with the upper limits
on the flux at VHE provided by MAGIC-I (Aleksi¢ et al., 2010a)
and VERITAS (Acciari et al., 2009). The rapid decline in the
spectrum, which causes the NGC 1275 signal to vanish abow¢
approximately 500 GeV, permits investigating possible \HE
ray emissions induced by cosmic rays in the Perseus cluster e
vironment above that energy (Aleksit et al., 2011b).

In Fig. 2, the SED measured by MAGIC is com-
pared with the results in the 100 MeV - 100 GeV 10
range provided by theFermi—LAT, averaging Fermi data
over the first year (Kataoka etal., 2010) and the first two
years (Brown & Adams, 2011). The comparison suggests thai

a significant spectral steepening occurs aroundl00 GeV. Fig.3. NGC 1275 light curve between August 2010 and

However, the present non-simultaneous data do not allow ;
cussing whether the spectral change corresponds to a beea bruar_y 2011 aboye an energy threshold_ of_l_OO GeV, and_ with a
month time-scale binning. No hints of variability are seethe

tween two power laws or exponential cut:o ) :
The August 2010 to February 2011 light curve of NGC 12 ata. The dashed horizontal line represents the constant fu

computed for an energy threshold of 100 GeV and with j1ion resulting from the fit to the data. For the December 2010,

P P - oL 2011, and February 2011 data, the upper limits on the
monthly binning is shown in Fig. 3. No evidence of variakilit anuary :
can be derived from these measurements. In fact, fittingghe | flux above 100 GeV for a spectral indexIof= —4.0 (calculated

: o _ using the Rolke et al., 2005 method with a confidence level of
curve with a constant flux h_ypotzhesus yieldy&inaor = 7.4/6, 95%, and a total systematic uncertainty of 30%) are also show
corresponding to a probabili§(y<) = 0.29.

The significance skymap of the central region of the Perse@gen dashed arrows).

cluster above 100 GeV is shown in Fig. 4. A hot spot at

> 6 o significance level consistent with the sky position 0107*? cm 2 st measured by MAGIC from October 2009 to
NGC 1275 is present. The position of the radio galaxy IC 31february 2010 (Aleksic et al., 2010b), thereby confirmihg t
is also shown. No significant excess events coming from IC 3%@riability of the latter source on a year’s time scale.

have been found in the observations presented here. The- corr
sponding integral flux upper limit above 300 GeV (performe .
using the Rolke et al., 2005 method, with a confidence lev 1Conc|u3|ons

of 95%, and a total systematic uncertainty of 30%FI$"(> The MAGIC telescopes have detected ViHEay emission from
300 GeV)= 1.2 x 10°*2 cm™2 s, for a spectral index of NGC 1275, the central radio galaxy in the Perseus clustexr, at
I' = 2.0 (i.e. the spectral index of the source previously meatatistical significance of.6 o from observations performed be-
sured by MAGIC). This value is about a factor 3 lower thatween August 2010 and February 2011. The corresponding av-
the average integral fluf,(> 300 GeV) = (3.1 £ 0.5) x erage flux above 100 GeV B, = (1.3 £ 0244 + 0.3g) X
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