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ABSTRACT

Context. We present the discovery of very high energy (VHE; BE00 GeV)y-ray emission from the BL Lac object 1ES 1214303 by the MAGIC
telescopes and simultaneous multi-wavelength data inadenergy range from radio jerays.

Aims. We study the VHEy-ray emission from 1ES 12%303 and its relation to the emissions in other wavelengths.

Methods. Triggered by an optical outburst, MAGIC observed the soim@)11 January-February for 20.3 hrs. The target was madtm the
optical R-band by the KVA telescope that also performedoappolarization measurements. We triggered target of ippidy observations with
the Swift satellite and obtained simultaneous and quasi-simultendata from thé-ermi Large Area Telescope and from the Metsahovi radio
telescope. We also present the analysis of older MAGIC @ddentin 2010.

Results. The MAGIC observations of 1ES 124303 carried out in 2011 January-February resulted in thedetection of the source at VHE
with a statistical significance of 94 Simultaneously, the source was observed in a high optichXaray state. In 2010 the source was observed
in a lower state in optical, X-ray, and VHE, while the GeMay flux and the radio flux were comparable in 2010 and 201&. Sgectral energy
distribution obtained with the 2011 data can be modeled aihmple one zone SSC model, but it requires extreme valuesddoppler factor

or the electron energy distribution.

Key words. Gamma rays:galaxies—BL Lacertae objects:individual: 1Z85+303

1. Introduction to y-rays. The correlations between théfeient energy bands
are complicated, but in general it seems that high statesiarl
. . . energy bands (e.g. optical) are accompanied by high statbe i
Most of the extragalactic sources from which very high erh'ig_her energies (i.ey-rays) at least in some sources (see e.g.

ergy (VHE, >100 GeV)y-ray emissions has been detected a 11 2012)
blazars. These objects are commonly believed to be a sub ' '
of active galactic nuclei (AGN) whose relativistic jet ptivery The spectral energy distribution (SED) of blazars exhihits

close to the line of sight of the observer. Blazars are ctliarac generic two-bump structure: one peak with a maximum in the
ized by high amplitude variability at all wavebands fromicad spectral range from radio to X-rays and a second peak in the in
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terval from X-ray toy-ray. The radiation is produced in a highlyobservations. We also present the previous observations of
beamed plasma jet and the double peaked SED is often exglaihES 1215303 with the MAGIC telescopes performed in 2010
by a single population of relativistic electrons. The firsag is January-February and 2010 May-June that produced onlyta hin
due to synchrotron emission in the magnetic field of the jet aof signal. For all epochs we present simultaneous and quasi-
the second peak is caused by inverse Compton (IC) scattersiigpultaneous multi-wavelength data from radio, opticakay,

of low-energy photond_(Re 67). The low-energy photoasd GeVy-rays.

can originate externally to the jet (external Compton scatt

ing,[Dermer & Schlickeisér, 1993) or be produced within e j

via synchrotron radiation (synchrotron self-Compton teratg,

SSC| Maraschi et al., 1992).

Blazar is a common term used for Flat Spectrum Rad® Observations and Data Analysis
Quasars (FSRQs) and BL Lac objects (BL Lacs), which are
thought to be intrinsically dierent. The FSRQs show broadl'he observations of 1ES 121303 were performed in a broad
emission lines in their optical spectra while the BL Lacséawavelength range (from radio to VHfrays) by 5 diferent in-
featureless spectra with weak or no emission lines possilsijuments. This is the first time that such a broad wavelength
masked by a strong emission from the jet. This indicatéange is covered for this source in quasi-simultaneousrease
that in BL Lac objects the main population of seed photori®ns.
for Compton scattering should originate from the synclomotr
emission. Indeed most of the SEDs of BL Lacs are well de-
scribed with simple SSC model (el.g. Bloom & Mars¢her, 1996:1. MAGIC
Tavecchio et dll, 1998). _ _ _

MAGIC has been successfully performing optically trigMAGIC consists of two 17 m Imaging Air Cherenkov
gered VHEy-ray observations of AGN since the start of itselescopes (IACTs) sensitive tg-rays with energy above
operations. The triggers have been provided by the Tuofif GeV in standard trigger mode (which is the lowest trigger e
blazar monitoring prografiend the target of opportunity (ToO) €rgy threshold among the existing IACTs). The system istéta
observations with MAGIC have resulted in the discovery df the Canary Island of La Palma, 2200 m above sea level. Since
five new VHE y-ray emitting sources (Mrk 180, Albert et al.fall 2009.the telescopes ar_e.vyorklng together in steredscop
(2006b); 1ES 1014496, Albert et al. [(2007); S5 073614, Mode which ensures a sensitivity 0f0.8% of the Crab Nebula
/Anderhub et al.[(2009); B3 224881, [Aleksic et al. [(2012a); flux above 300GeV in 50 hrs of observations (Aleksic ét al.,
and 1ES 1215303, this paper). However, in many cases it ha012¢). The field of view of the each MAGIC camera has a di-
not been possible to confirm with high statistical signifizaif ameter of 3.5

the sources were in higher VHzray state than usual during  1ES 1215303 was observed by MAGIC in 2010 January-
the observa_tlons. The Iong-'ger_m studies of individual ViHE February, 2010 May-June , and 2011 January-February, ter a t
ray blazars like Mrk 421 (Acciari et al., 2011) and PG 15533  ta] of 48 hrs. The observations were done in the so-callecbieob
(Aleksic et al.| 2012b) have also yielded controversialifes on  mode (j.e. with the sourcefiiset by 04° from the camera cen-
the correlation between the two broad energy ranges. Thusidr), which provides a simultaneous estimate of the backuto
date, the connection between the optical and Hiay states from the same data sét (Fomin et al., 1994). While most of the
has remained an open question. data were taken in dark night conditions, a small fractiomewe
1ES 1215303 (also known as ON 325) is a high syntaken in presence of moderate moonlight. The data span a rang
chrotron peaking BL Lac object (Abdo et/al., 2010b) with redof zenith angle from 1to 40° with most of the data taken be-
shiftz= 0.130 (Akiyvama et all, 2003, howevers 0.237isalso |ow 25° (in 2010 the mean zenith angle wasl®, and in 2011
reported in the literature, e.g. NE The source was classified 8°)

as a promising candidate TeV blazar (Costamante & Ghigellin T

[2002; | Tavecchio et all, 20[10) and has been observed severa ‘ =
times in VHE y-rays before the observations presented he A analysis package (Aleksic et al., 2012c). Another iHE

The previous observations yielded only upper limits, Wripp &Y émitter, 1ES 1216304 (Albert et al |, 2006a) is presentin the

E(> 4 1. 101 cm2 71, (Horan et al.| 2004); Same field of view as 1ES 123303. The sources are separated
ME:GIC?:()E(?/)l;OGg?/)i 35 Xirgnscmlz S—lr 0 .)’ by ~ 0.8°, which is much larger than the point spread function
20118). The source was listed in f@mi Large Area Telescope (PSF) of the MAGIC telescopes (0.1°), so there was no source

; ; fusion or contamination. However, these sources haadyne
(LAT) bright AGN catalogl(Abdo et all, 2009) as showing a har§°" ! : . ’
spectrum [ = 1.89 + 0.06). It underwent a large outburst in! e same Right Ascension, so in the standard wobble setap use

late 2008, and in this catalog 1ES 128383 is the only high |nth_e 2010 Janua(y-Februaryobseryations,the baCkgmd
energy peaking source that shows significant variabilitthe Mation region partially overlapped with the 1ES 12384 posi-

: ion. This would result in an overestimate of the backgrqod
secondrermi-LAT AGN catalog [Ackermann et 4., 2011) othe'O"- Th! :
: : : is region was excluded from the background estimate. én th
232 synchrotron peaking sources have also been flaggedias \fgter observations (2010 May-June, and 2011 January-&gbru
Iﬁ the first days of 2011 January 1ES 12893 was ob- the wobbling dfset direction was changed to have the standard

6)_ackground estimation regions far from the second source.

he data were analyzed using the standard MAGIC software

served to be in a high optical state. This triggered MAGIC o
servations, extending until 2011 February, that resultethe After the data quality selection, based mainly on the rate of
discovery of VHEy-rays from the sourctll). Instereo events, the data samples of January-February 2G}0, M
this paper we present the results of the 2011 January-Fgbrutune 2010 and January-February 2011 contain 19.4, 3.5, and
20.6 hrs of good quality data respectively. Because of therei

1 httpy/users.utu.fkanjdny ent positions of the source in the camera, and the variallesna

2 httpy/nedwww.ipac.caltech.edu of AGN, we decided to split the analysis into these 3 periods.
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2.2. Fermi-LAT the source events in the 0.3-10keV range within a circle aith

) ) _ _ ) radius of 20 pixels{ 47 arcsec). The background was extracted
TheFermi-LAT is a pair conversion telescope designed to covelom an df-source circular region with a radius of 40 pixels.
the energy band from 20 MeV to greater than 300 GeV. It oper-

ates in all-sky survey mode and therefore can provide obsery 1h€ Spectra were extracted from the corresponding event
tions of 1ES 1215303 simultaneous to MAGIC. In this paperf'Ies and binned using GRPPHA to ensure a minimum of 25
the standard LAT Science Tools (version vor23p0) were usedqoUNts per energy bin, in order to obtain reliapfestatistics.
analyze the data collected in the time interval from 2008uaig SPectral analysis was performed using XSPEC version 12.6.0
5 to 2011 March 22. For this analysis, only events belonging { € neutral hydrogen-equivalent column density was f|3<2ed to
the “Diffuse” class (which have the highest probability of beinfi€ Galactic value in the direction of the sourc@4k 10%° cm
photons) and located in a circular Region Of Interest (R®Tfo 12005).
radius, centered at the position of 1ES 12383, were selected  Swift/UVOT observed the source with all filters (V, B, U,
(using Pass 6 event selection). In addition, we applied @eut UVW1, UVM2, UVW?2) for four nights. UVOT source counts
the zenith angle< 10C°) limb y-rays and a cut on the rockingwere extracted from a circular region 5 arcsec-sized cedten
angle ¢ 52°) to limit Earth limb contamination. the source position, while the background was extracted o
The data analysis of 1ES 124303 is very challenging larger circular nearby source—free region. These data prere
due to the presence of sevenakay emitting sources in the cessed with th@votmaghist task of the HEASOFT package.
same ROI. 1ES 121804 is located at a distance of jusB0 The observed magnitudes have been corrected for Galagctic ex
from the source of interest. Another well known VHE emittinction Eg_y = 0.024 mag/(Schlegel et’al., 1998), applying the
ter, W Comae, is located at 2° from the latter source. formulae by Pei(1992) and finally converted into fluxes faHo
Thus, the LAT analysis was restricted to energies above 1 Ga\g/Poole et al[(2008).
where theFermi-LAT PSF is stficiently narrowl to separate
1ES 1215303 from the other sources in the ROI. The un-
binned likelihood method was applied to events in the eg-4. KVA
ergy range from 1GeV to 300GeV. All point sources from )
the 2FGL catalog[(Nolan etal., 2012) located within° & The KVA optical telescopes are located in La Palma, but are
1ES 1215303 were included in the model of the regionoperated remotely from Finland. The two telescopes arefsth
Sources located within & 5adius centered on 1ES 124803 to the same fork. The larger telescope has a mirror diaméter o
position had their flux and photon index left as free param€0cm and the smaller 35cm.

ters. The difuse Galactic and isotropic components (including The 35cm telescope is used for simultaneous photomet-
residual instrumental background) were modeled with tHe puic observations with MAGIC, but also to monitor potential
||C|y available files gll_iem_v®2_P6_V1 1 DIFFUSE. fit and VHE y-ray candidate AGN in order to trigger MAGIC obser-
isotropiciem_v02_P6_V11 DIFFUSE. txtfl. The normalizations vations if the sources are in high optical states. The olserv
of the components comprising the total background mod@ns are performed in the R-band and the magnitude of the
were allowed to vary freely dUring the Spectral pOint fittingsource is measured from CCD images usin@emntia| pho-
The instrument response functidP&.V11 DIFFUSE were used. tometry. The comparison star magnitudes for 1ES %308
The successful separation of flux between 1ES ¥303 and are from| Fiorucci & Tosti[(1996), and the magnitudes are con-
1ES 1218304 was verified by the absence of any significajlerted to flux using the formula and values frﬁﬁbmwg

correlation between their light curves. The systematicernc 1ES 1215303 has been observed regularly as part of the Tuorla
tainty in the flux is estimated as 5% at 560 MeV and 20% @fazar monitoring program since 2002.
10 GeV and abo\@

The 60cm telescope is used for polarimetric observa-
tions (see e.g. Piirola etlal., 2005; Aleksic €t al., 201 Fmr
2.3. Swift 1ES 1215303 polarimetric observations were performed on six
. ) . ) ) nights from 2011 January 7 to January 17. The degree of po-
The Swift satellite (Gehrels et al., 2004) is %%Lhrqgrizaﬂon and position angle were calculated from therisitgy
telescopes, the Burst Alert Telescope (B t &atios of the ordinary and extraordinary beams using stahda
2005) covering the 15-150keV energy range, the X-ray telgsrmulae and semiautomatic software specially developed f
scope (XRT|_Burrows et al., 2005) covering the 0.2-10keV efp|arization monitoring purposes.
ergy band, and the U®ptical Telescope (UVOT; Roming etlal.,

) covering the 180—600 nm wavelength range.

A Swift ToO request was submitted on 2011 January 3.5. Metsé&hovi radio telescope
The Swift observations started on January 4 until January 12
with four ~ 5ks exposures in photon counting mode. The daB GHz radio observations were made with the 13.7m
were processed with standard procedures using the FTOOWUStsahoviradio telescope located in Kylmala, FinlaHke tele-
task XRTPIPELINE (version 0.12.6) distributed by HEASARGcope, the observation methods, and the data analysis-proce
within the HEASoft package (v.6.10). Events with grades Cdure are described in elg. Terasranta bt al. (1998). Tesdape
12 were selected for the data (see Burrows etal., [2005) atetection limit is~ 0.2 Jy under optimal conditions and since
the latest response matrices available in &wéft CALDB 1ES 1215303 is a rather weak source at 37 GHz it can only be
(v.20100802) were used. For the spectral analysis, weatgtta observed under good weather conditions. Typically, an@ece
able measurement of the source is obtained approximatel on
3 httpy/www.slac.stanford.edexpglasfgroupgcandgarchivgpasséviper month. Data were obtained simultaneously with the MAGIC

/lat_ Performance.htm observations in 2010 June, but in 2011 January-February the
4 httpy/fermi.gsfc.nasa.ggssgdatgaccesgat/BackgroundModels.htmireather did not allow simultaneous observations with MAGIC
5 httpy/fermi.gsfc.nasa.ggssg¢dataanalysigL AT _caveats.html the closest points being from 2010 December and 2011 March.
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3. Results to 2011 March (Fig[4). It shows the major flare reported in
[Abdo et al. [(20009) at the beginning of the Fermi mission. €her

8.1. MAGIC results is a hint of enhanced flux during 2010 November (MJD 55500,

The MAGIC data were divided in three samples correspon@uration only one bin, i.e. 14 days) but very little varizyibth-

ing to three observation epochs: 2010 January-Februaty) 2@rwise, especially at the two MAGIC observation epochs (201

May-June, and 2011 January-February. The so-cafleplots January-June and 2011 January-February). To maximize the

(the distribution of the squared angular distance betwieemt- Nnumber of photons the spectral energy distribution was/eeri

rival direction of the events and the real position), forrgies Using the whole MAGIC dataset (2010 January-June and 2011

above 300 GeV, corresponding to the three observation spoclanuary-February). The spectral energy distributionshosvn

are shown in FigJ1. The computation of the number of the OR Fig.[5. In 2010 January-June the integral flux, F (00 GeV)

(signal) and OFF (background) events was performed in a fidg-(4.9  0.7) x 10°cm“s™ and the photon index.2 + 0.1,

cial signal region of? < 0.01ded, and using 5 backgroundWhile in 2011 January-February F{1100 GeV}- (7.3 + 1.6) x

regions (4 in case of the January-February 2010 data). 16 2080 ° cm 2s* and the photon index @+ 0.2. The mean detected

January-February (left panel) 194 ON events were detested oflux was~ 50% higher in 2011 January-February than in 2010

1446 + 6.0 OFF events, with a significance level of 3:Fus- January-June, but due to large error bars the increase was no

ing Eq. 17 if Li & Ma,[198B). In 2010 May-June (middle panelptatistically significant. The spectral index was constaittin

the observation time was much shorter and no excess evéhgserror bars.

were present. For 2011 data (right panel) the numbers were 25

ON over 119+ 4.8 OFF corresponding to-89.4¢ significance, 3.3 Swift results

which is the first detection of VHE-rays from this source. e

In Fig. [, we show the significance map of the sky regiofihe results of theSwift/XRT observations are summarized in
for energies above 300 GeV for the 2010 (January-Februaty apyple 1. The source showed the highest flux on 2011 January
May-June combined) and 2011 observations. 1ES 2308 is g (MJD 55569.1) and previofmibsequent observations from
clearly visible in both maps while 1ES 124303 was fainter in 2009 December (MJD 55168/72011 April (MID 55674.2)
2010 than in 2011. The 1ES 124804 data analysis and resultsshow significantly lower flux. For the X-ray spectra both log
will be addressed in a separate paper. o parabola (in the form- E-2299®) with E being the energy

For the light curve and spectrum determinations softer cygskev) and a simple power-law fit were tested. The best fit was
were applied that have a highgiray eficiency. The light curve achjeved with a log parabola law model in the range 0.3—10 keV
(in a 5-days bins) above 200 GeV of the 2011 data is well dgy four observations while a simple power law, in the range
scribed by a constant flux of 7+ 0.9)x 10 *?cm?s™ (y*/ndor  0.5-10 keV, provided a better fit for three of the observation
= 0.56/ 3), which corresponds to about 3.5% of the Crab Nebuggenerally, a log parabolic fit suggests that there is curesitu
flux. Assuming that the hint of a signal seen in the 2010 dajige X-ray spectra but for 1ES 124803, the diference between
is ay-ray excess the corresponding flux was>FZ00 GeV}=  |og parabolic and power law fits is small so no strong conclu-
(34 £ 1.0) x 10 **cm ?s™, which is less than half of the flux sjons can be drawn. Because of théfetient fits a comparison
measured_ln 2011. The hypothesis of constant flux betweeb 2@ktween the spectral slopes isfidiult, but for the highest flux
and 2011 s excluded at the level of 31 _night the spectral index is marginally harder than for the lo

The derived VHEy-ray spectrum for the 2011 observationgtate observations.
can be described by a single power lav fieor = 5.2/3, see The Swift/UVOT results from 2011 January ToO observa-
Fig.[3) : tions show constant brightness with V-band magnitsdé.06+
dN 0 E (29014 010, B= 1538 0.10, U= 1453+ 0.08, UVW1=14.43+ 0.08,

o - (227025)<10 (SOOGeV) TeV=em™s (1) yvM2=1435+ 0.06, and UVW214.46 + 0.06. However, in
in the fitting range 70GeV — 1.8TeV. Since the spectral iy Pands the source is clearly brighter than in the previaiis
dex of 1ESg 121%303 is similar to that of the CratF)) Nebula ervation (2009 December 1560+ 0.10, B= 1595+ 0.10,

and the source is relatively bright, we can directly use tkgz 15121008, UVW1= 1507+ 0.08, UVM2= 1500+ 0.06,

systematic errors estimated|in Aleksic et al. (2012c). $ye thd UVW2= 1515 0.06).

tematic error of the slope i20.15 and in the energy range

of the 1ES 1215303 spectrum, the error in the flux normalg. 4. KVA and Metséhovi results

ization (without the energy scale uncertainty) was estuat

to be 11%. The systematic error in the energy scale is 15%.the optical R-band the source is clearly variable on daily
Finally, the MAGIC spectrum was deabsorbed usinfjedent and yearly time-scales. The host galaxy contributes a flux of
EBL models [[Dominguez etlal., 2011; Kneiske & Ddle, 201®.99 + 0.09 mJy (Nilsson et all, 2007) and when this contribu-
[Franceschini et al 8; Primack et al., 4005) and the maipn was subtracted from the measured flux, the AGN core was
mum high UV EBL model described In_Albert etldl. (2008) fofound to be~ 40% brighter in 2011 January-February (average
z = 0.130. The results are shown in FIg. 3. As denoted in tietal flux 3.64 mJy) than in 2010 January-June (averageftotal
Figure by the shaded area, at this redshift the EBL modetseag?.55mJy). Similarly, it was found that during the 2011 Jagua
well. The EBL model of Dominguez etlal. (2011) was used toebruary observations the flux varied k5% (core flux be-
calculate the final intrinsic spectrum since this model iseol tween 3.2mJy and 4.1 mJy).

on an observational approach. During 2011 January the optical polarization was9%
while during the follow up observation in 2011 April it was
higher,~ 15%. The position angle (PA) was only slightly vari-
able between 140 and 150 degrees.

The light curve of 1ES 1218303 was obtained in the energy In the radio band the source is rather weak and does not
range from 1 to 100 GeV, in 14—day bins from 2008 Augusthow strong variability. The 37 GHz flux from the Metsahovi

3.2. Fermi-LAT results
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Fig. 1. Distributions of thes? parameter for 1ES 122303 signal (black histograms) and background estimaticay(gistograms)
for the three observation periods: January-February 2@ff), May-June 2010 (middle), and January-February 20iyht). The
vertical dashed line corresponds to the apriori definedasigagions? < 0.01 ded.

MJD Obs. Time [ks]| Flux (2-10keV) [10% ergcn?/s] | a(T for PL) | b X/ Mo
55168.6799| 4.99 121+ 0.19 256+0.10 | 0.34+0.34 | 1.1925
55565.0340| 4.39 274+ 0.25 241+0.08 | 0.37+0.24 | 0.8742
55569.1281| 2.38 3.02+0.40 229+0.16 | — 1.2318 (PL)
55571.1327| 4.07 169+ 0.17 265+0.14 | - 1.2318 (PL)
55572.1361| 4.27 145+ 0.20 264+0.09 | 0.28+0.27 | 1.1532
55573.1396| 2.99 173+ 0.25 246+ 0.11 | 0.66+0.37 | 1.2625
55674.2438| 2.34 1.30+0.30 267+0.25 | — 0.488 (PL)

Table 1. Data summary and results for tBaift/XRT ToO observations. The datasets in the flast rows are prigsubsequent to
the MAGIC observations and are reported for comparison.egh dataset the following quantities are reported: the Kitdie
of the beginning of the observations; the exposure timeirttegral flux in the 2-10 keV band; treeandb parameters for the log
parabola fit (or the photon inddxin case a simple power-law is used, see text); the redutadth number of degrees of freedom
Ngof- PL indicates when the simple power law is used instead dbijpearabola.

radio telescope has a similar level (0.3-0.4Jy) in 2010 &11d 2 However, as the simultaneous observations are missingifie e
although there were no radio observations during 2011 dgnuaence of a simultaneous radio flare cannot be excluded.

February. During the 2011 January-February observations (Fig. @), th
MAGIC light curve is consistent with a constant flux. The smur
was in a rather low state in tHeermi-LAT energy range and no

4. Interpretation short term variability was detected. In X-rays and optid¢ed t

) ) ) o ) source was variable during the MAGIC observations: the first

In this section we discuss the quasi-simultaneous lightes)r two X-ray exposures gave a higher flux than for the latterethre

showing how they establish connections betweetedint en- The X-ray spectra show hints of hardening with higher flus, bu

ergy regimes and locate the emission region. The spectaygn they are statistically the same. The MAGIC observationgesia
distribution is reconstructed for the first time from radieduen- when the optica| flux was decreasing, but during 2011 January
cies to TeV energies for 1ES 124303, allowing us to study the the optical light curve showed several small flares. The X-ra
capability of the one-zone synchrotron self Compton model fight curve was more sparse and showed only one flare, but the

reproduce the constructed SED. comparison of simultaneous optical and X-ray points shéwes t

same pattern in the light curves, indicating that the X-rag a

optical emissions originates from the same region.

In addition to multi-wavelength variability studies, thp-o
The long-term multi-wavelength light curve, from radio tél# tical polarization measurements have proven to be a powerfu
y-rays, is shown in Fig.]6. The MAGIC light curve shows a lowetool to analyze the emission scenarios in the blazar jets (e.
flux in 2010 (January-February and May-June) than in 2011 (Marscher et all, 2008). Polarization traces the magnett die
a factor of 2). The large uncertainties in tRermi-LAT mea- the jet. A net polarization oriented either parallel or mergic-
surement do not allow us to conclusively say whether a simifar to the projected jet axis can be confused by shocks and th
lar flux enhancement also occurred in the 100 GeV energy signatures are visible in optical polarization. The ogtmalar-
range (see section 3.2). In X-rays the source was in a higd staation measurements from 2011 January show little vdriabi
(enhanced by a factor of 2) in 2011 January compared with pig- in polarization degree (average 9%) or PA (varying be-
vious observations. In the optical band the average fluxnduritween~ 14Q - 15C°) during the MAGIC observations, but the
MAGIC observations in 2010 was 3.5 mJy, while in 2011 it wafllow-up observations from 2011 April (Figl 6) show a highe
4.6 mJy. Thus, the source was clearly in outburst duringyeagolarization,~ 15%. Unfortunately, the polarization observa-
2011, atleast in VHE-rays, X-rays, and the optical band. Ther¢ions missed the peak of the first optical outburst and oua dat
were no simultaneous radio observations, but both the gusvi sample is very small._lkejiri et al. (2011) monitored the faho
and subsequent observations showed low flux, suggesting thalarimetric behavior of the source in 2008-2009 and thbir o
the outburst might have originated rather close to the akatr- servations seem to show similar polarization trends (i.dea
gine where the emission region is opaque at radio wavelsngttreasing polarization during outbursts). They also founad the

4.1. Multi-wavelength behavior
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Fig. 3. Observed and deabsorped VHEay spectra for a red-
shift of 0.130. The EBL model of Dominguez et al. (2011) was

used, the gray area shows the spread of the EBL models.

Hfstence of a optical polarization core. In first orderh# ppti-

arrow shows the systematic error of the measurement. cal outburst was produced by a shock traveling along thefje,

would expect the polarization degree to increase durin@ttte

burst. However, if there is a standing shock (optical paktion
PA was almost constant at150°, which agrees with our obser-core) present, another shock with d@féient magnetic field ori-
vations and with the historical data from 1981-1989 (Witlek;, entation colliding with the standing component could proalan
2011) showing PA values from 130- 17C°. Such preferred outburst in the total flux, but decrease the observed levpbef
position angles have been observed for several BL Lac abjeletrization (Villforth et al., 2010). A detailed photo-poiaetric
(e.g..Jannuzi et al., 1994) and implies long-term stabditthe study based on more data would be needed to further test this
structure of the region producing the polarized emissigntee hypothesis.



J. Aleksic et al.: 1ES 1215303

Time[date] Time[date]
04 Jan 10 14 Apr 10 23 Jul 10 310ct 10 08 Feb 11 19 May 11 . 04Jan1l 09Jan1l 14Jan1l 19Janll 24Jan1l 29Jan1l 03 Feb1l 08 Feb 11
@ 14
= T T T T T K T T T T T
S 12 [a) MAGIC(>200 GeV) e 12[ amaciceziocey
Q o
s 8r ﬁ T t
To6f S 6
2 4r 3 = 4L
3 2t x oL
x 2T T ol
g : . . 2 . . . . . . .
E) b) Fermi (1-100 GeV) 5 2 L b)Fermi(1-100 GeV) i
s <
. { :
L4 ©
2 S 1 |
R TEIRIE T T B S PR IS IR T F
X x
= 3
B oRabpbafrytingtegabt 180 Yyt f £ ‘ o ‘ t
K t t t t t §a C t — t t t t t .
§ 3 | ©) SWIt/XRT (2-10keV) } £ 4 ©) SwWift’XRT (2-10keV)
$2r i ) § o * 0 .
219 b 2 1+ it i
E ‘ 3
- ' ’ [ T
= | 9KVAR-band , l1af QUVOT
= 6|
E s Yagt R it TN T
E 5t . =
x # - 2 15Fy @ L]
£ 4T ? l-{} bt g B 2 322
°r A ; ‘ ‘ 1 16 |
15 - ' ' ' ' & 160 A ' ]
e) KVA Polarization - _ €) KVA R-band
10 I 1155 ¢ Z 6 4
S i =3 S =
[= 5F i 4 150 @ = - - = _|
o - K < 5 . . . ®
of ] ER VLR Y B fotert e ,
A ) 4 140 ) )
5 izati - 160
0.9 - f) Metsahovi 37 GHz f) KVA Polarization . . -
= { _ lor = . - 4 155 g
x S S i 5
5 06 { E s 5 3 150 §
[S [ B -
[ Ei { ¢ 0 L3 145
03[ L L L L E L ] L l\ L ﬁ\ L L L L 1 140
55200 55300 55400 55500 55600 55700 55565 55570 55575 55580 55585 55590 55595 55600
Time[MJD] Time [MJD]

Fig.6. Long-term multi-wavelength light curve of Fig.7. Multi-wavelength light curve of 1ES 12%303 from
1ES 1215303 from 2009 December to 2011 May. The&011 January to Februarg) In the MAGIC light curve, the
vertical line shows the beginning of the MAGIC 2011 obsedata are binned in 5-day intervaly. The Fermi-LAT light curve
vation campaigna) In the MAGIC light curve 2011 data are (1 — 100 GeV) has bins of 14 days) Swift/XRT light curve.d)
binned in 5-day intervals. 2010 data are divided in JanuatyVOT optical and UV light curvese) The R-band light curve
February and May-June bink) The Fermi-LAT light curve shows hourly average fluxes of the source, the error bars are
(1-100GeV) has bins of 14 days and the points with arrows asealler than the symbols in most casgsThe optical polar-
upper limits.c) The Swift/XRT light curve is derived from the ization (filled circles, left axis) and polarization positi angle
target of opportunity observations performed during the®I@ (triangles, right axis) are hourly averages.

observations and archival datf.The R-band light curve shows

hourly average flux of the source, the error bars are smalter t

the symbols in most cases) The optical polarization (filled {r5) index as in 2011). The simultaneoBemi-LAT spectrum
circles, left axis) and polarization position angle (tgé&s, right 55 calculated for the whole interval from 2010 January teJu
axis) are hourly averagef).37 GHz radio light curve from the There was no simultaneous X-ray observation, while for e o
Metsahovi radio observatory. tical we use the average (host galaxy subtracted) flux frgntsi
when MAGIC was also observing. This “low state SED” is pre-
sented for illustrative purposes only but was not modeliedes
both the synchrotron and IC peaks are poorly constrained.
The SED of 1ES 1215303 in both MAGIC observation epochs  The SED of 2011 shows two peaks, with the synchrotron
is shownin Fig. 8. The 2011 high energy bump is constructed ymak frequency slightly above the optical band, as found for
ing the MAGIC deabsorbed spectrum (using the EBL model afany other VHEy-ray emitting BL Lac objects. The X-ray spec-
IDominguez et all, 2011) and the simultaneBersni-LAT spec- tral index is also typical for a BL Lac source. The second peak
trum (collecting all photons from 2011 January-Februafg. seems to be located between Heemi-LAT and MAGIC points
stated in section 4.1, the low energy bump was variable di1 GeV) as for many of the VHE-ray emitting BL Lacs. The
ing the period and is constructed for the night MJD 55588cations of the synchrotron and IC peaks agree with valees d
that showed the higheSwift flux and for which there are si- rived in|/Abdo et al.|(2010a) for this source, but the synatormot
multaneous KVA and UVOT observations. The contribution gieak luminosity was slightly higher than in the previousarbs
the host galaxy was subtracted from the R-band flux followingation by Giommi et al.[(2012).
Nilsson et al.[(2007). The host galaxy also contaminated/the  The emission characteristics of BL Lac objects is gen-
B, and U bands of the UVOT data, but its contribution should terally well reproduced by the one-zone leptonic model, in
negligible in the UV. As we have no direct measurements of tiiehich a population of relativistic electrons inside a regio
host galaxy contribution in V, B and U bands we extrapolatadoving down the jet emit through synchrotron and syn-
the magnitudes from the R-band value using the galaxy colatsrotron self-Compton mechanisms (Bloom & Marsther, 1996;
of elliptical galaxies az = 0.2 (Fukugita et dl 5). Tavecchio et all, 1998). The spectral energy distributivpd11

For the 2010 MAGIC data set, we could not derive a spewras modeled with the one-zone leptonic model fully describe
trum because of the low significance of the signal but we rtepan [Maraschi & Tavecchlo (2003). The emission region was as-
the flux between 300 GeV and 1 TeV (assuming the same spsgmed to be spherical, with radiBsfilled with a tangled mag-

4.2. Spectral energy distribution




J. Aleksic et al.: 1ES 1215303

Fig[8. As expected from the discussion above, we find a large
Doppler factorg = 60, well above the typical range of Doppler
factors obtained from the modeling of the emission of simila
R L B B L B sources (e.g. Tavecchio ef al., 2010) and disagreeing Wih t
lower values required by the FR I-BL L&cunification scheme
45 (Urry & Padovani| 1995). However, there is an alternatebleia
way to reproduce the observed SED using smaller Doppler fac-
tors; assume a relatively large minimum Lorentz factor & th
emitting electronsymin = 8 x 10°. This, along with a steep
high energy electron energy distributiom, (= 4.85), allows us
to properly reproduce the narrow synchrotron bump and to lo-
cate the SSC peak at high enough energies using a moderately
large boostingg = 30. This solution resembles one discussed
for the case of BL Lacs showing hard spectra in the soft X-ray
and TeV band|(Katarzynski etlal., 2005; Tavecchio et a0
Kaufmann et dll, 2011; Lefa etlal., 2011). Interestinglgispa-
rameters (largemin, Steep slope) are consistent with the pre-
41 diction of some simulations of particle acceleration bytigls-
SR SN 1R R B B tic shocks (e.g. Virtanen & Vainio, 20083; Sironi & Spitkowsk
10 15 20 25 [2011). For example, for a proton-electron compositiors &x-
Log v [Hz] pected that the electrons are heated when crossing the ghack
typical Lorentz factor of =TIyt my/me, wherem,/me = 1836 is
the proton to electron mass ratio ang, = 2 — 3 is the relative
Lorentz factor between the upstream and the downstream.flows
From thisI" (that is equivalent to our parametgfin), electrons

Fig. 8. Spectral energy distribution of 2011 January-Februafj€ Subsequently accelerated, forming a non-thermakiailis
data (red symbols) modeled with the one-zone SSC model'$¢!l a@pproximated by a steep ¢ 3.5) power law.

i o[ (2003). From high to low energies: the '_I'hg gpodness of the fit can be judged by eye orXBy”
deabsorbed MAGIC spectra (asterisk, see text) Fereni-LAT m|r]|m|za”t|on procedure. For the fits presented above the "ey
data (filled squares), Swift-XRT and Swift-UVOT data (m-anestlmate was used_, as for the Iatter_the systematic erfdreo
gles: red for MJID 55569, blue for MID 55565) and simultanélata from diferent instruments are in the key role. However,
ous KVA data (filled circle, host galaxy subtracted, see)tdtte We also tested the automati€’-minimization procedure of
cyan symbols report the January-June data of Fermi-LATa(dddankuzhiyilet al. (2011) with estimated systematical esrof
points and arrows) and MAGIC (the thick oblique linggrmi- 2%, 10% and 40% for optical-X-ray, Ge)rays and VHEy-
LAT (filled circles) and MAGIC (thick line) data. The greenf@ys respectively. Theyin is fixed to same value as in our high
open squares are archival data. The dashed line is the mbde fnodel (16) to allow easier comparison. The resulting param-
using the extreme Doppler factér= 60, while the solid line is térs are shown in Table 2 fi”dzthe fit with long-dashed (dark
the model fit with highymn and the long dashed line reports th@reen) line in Fig. 8. The minimad* fit results in lowew, butin

model parameters that produces with small€stsee text and & highymax and rather large emission region radRisompared
Table 2). to other fits, but still compatible with the day scale variiapi

observed in X rays and optical.
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netic field of intensityB and relativistic electrons, emitting syn-5 S d Conclusi
chrotron and synchrotron self-Compton radiation. Thetedes - SUMmary and L.onclusions

follow a smoothed broken power law energy distribution with, this paper the first detection of VHE-rays from
normalizationK betweenymin andymax with slopesn; andn,  1ES 1215303, resulting from MAGIC observations triggered
below and above the breakjat The relativistic boostingis fully by an optical outburst of the source in 2011 January, has been
accounted for by the Doppler factér We note, however, that reported. In those data, the source is clearly detected ata 9
one-zone models cannot reproduce the spectrum at the lowgshificance level. Also simultaneous multi-wavelengttadare
frequencies, since the emission is self-absorbed belownthe presented from radio to Hizrays and compared to results from
limeter band. It is generally assumed that this part of th® SEarlier MAGIC observations in 2010, when the source was in a
is due to outer regions of the jet that is not important for thgwer optical state. The VHE-ray flux in 2011 was higher com-
modeling of the high-energy emission. pared to 2010, suggesting that the activity in these two $and
The optical-UV and X-ray data define a narrow synchrotrqg connected. This conclusion is further supported by the fa
component peaking around £Hz. At high energies, the SSCthat 1ES 1215303 is already the fifth discovery at VHErays
bump is well constrained by thigermi-LAT and MAGIC data achieved after the MAGIC observations were triggered byan o
to peak at about 10 GeV. This particular structure of the SEkal outburst.
is not easy to reproduce. In particular, the relatively wéee- Our collected multi-wavelength data set is the most exvensi
aration between the two peaks inevitably implies a largeevalenergy coverage for 1ES 124303 to date. The optical-VHE
of the Doppler factor if standard parameters are used for theay outburst seems to have been accompanied by an X-ray
electron energy distribution (e.. Georganopoulos & Kasan outburst, while in theFermi-LAT band the flux increased only
2003; Tavecchio & Ghisellini, 2008). Our best attempt toreep marginally. The optical photo-polarimetric data suggésis the
duce the data in the standard framework provides the param-
eters given in Table 2 and is displayed as the dashed line ¢f Fanardi-Riley | radio galaxies (FR I)
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model Ymin Yb Ymax M N, B K R 6 x?/d.of
[10°] [10% [109] [G] [cm~3] [106 cm]

high ¢ (dashed) 1 3 D 20 42 002 8x 103 08 60 3.36

high ymin (solid) 8 92 25 30 485 0055 13x108 10 30 6.94

min x? (long dashed) 1 1.6 16.1 1.8 3.7 0.01 x2P2 3.75 36 1.04

Table 2. Input model parameters for the three models shown ifiFich8.fdllowing quantities are reported: the minimum, break,
and maximum Lorentz factors and the low and high energy stdplee electron energy distribution, the magnetic field ristey,
the electron density, the radius of the emitting region asddbppler factor. In addition in the last column we repog #/d.o.f
assuming 2%, 10% and 40% systematical errors for opticedyXGeVy-rays and VHEy-rays respectively.

high state could be caused by a shock traveling down thegét th The Fermi-LAT Collaboration acknowledges generous on-
collides with a standing shock with afférently oriented mag- going support from a number of agencies and institutes t#nat h
netic field. The X-ray and VHE-ray high states could then alsosupported both the development and the operation of the LAT
originate from this collision. as well as scientific data analysis. These include the Naltion
The SED of 1ES 1218303 in 2011 January was modeledAeronautics and Space Administration and the Department of
using a one-zone SSC model since it provides a good descimergy in the United States, the Commissariat a I'Energie
tion of the SED of many VHEy-ray emitting BL Lac objects. Atomique and the Centre National de la Recherche Sciergifiqu
However, for 1ES 1215303 the synchrotron and IC peaks ar¢ Institut National de Physique Nucléaire et de Physique des
narrow, the separation between the two peaks is wide, ama-a sParticules in France, the Agenzia Spaziale lItaliana and the
ple one-zone SSC model with typical parameters failed toorep Istituto Nazionale di Fisica Nucleare in Italy, the Ministof
duce the observed SED. To fit the SED, a high Doppler facteducation, Culture, Sports, Science and Technology (MEXT)
or a narrow electron energy distribution is required. Whilgh High Energy Accelerator Research Organization (KEK) and
Doppler factors are disfavored by the unified models, thé higapan Aerospace Exploration Agency (JAXA) in Japan, and the
vmin Value could be a viable solution in the light of simulation&. A. Wallenberg Foundation, the Swedish Research Council

modeling the acceleration of electrons in a relativistiochin
a proton-electron jet. This should be further investigated.

and the Swedish National Space Board in Sweden.
Additional support for science analysis during the opersti
phase is gratefully acknowledged from the Instituto Naaleri

using the fully self-consistent SSC model with particleedera-
tion due to shock and stochastic acceleratlom e Astrofisica in Italy and the Centre NationaEtudes Spatiales in

(2010){Weidinger & Spanief (20/10).

France.

Given the rather extreme conditions needed for the one-
zone model, the presence of a velocity structure in the jet
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