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ABSTRACT

Context. Magnetars are an extreme, highly magnetized class of isolated neutron stars whose large X-ray luminosity is believed to be driven
their high magnetic field.

Aims. Study for the first time the possible very high eneggyay emission above 100 GeV from magnetars, observing the sources 4481142
and 1E 2259586.

Methods. We observed the two sources with atmospheric Cherenkov telescopes in the very high energyat@@GeV). 4U 014261 was
observed with the MAGIC | telescope in 2008 fo25 h and 1E 2259586 was observed with the MAGIC stereoscopic system in 2010 Tdr.

The data were analyzed with the standard MAGIC analysis software.

Results. Neither magnetar was detected. Upper limits to tigedéntial and integral flux above 200 GeV were computed using the Rolke algorithm.
We obtain integral upper limits to the flux of 1620 *2cm2 st and 2.%10'2cm™2 s* with a confidence level of 95% for 4U 01481 and

1E 2259-586, respectively. The resultingffirential upper limits are presented together with X-ray data and upper limits in the GeV energy range

Key words. Radiation mechanisms: non-thermal, Stars: magnetars, Gamma rays: stars, Stars: individual:+48,Q1B2259 586

1. Introduction tions (Rea et al. 2010, 2012). They have bright X-ray luminosi-
_ ties Ly ~ 10°%? — 10%ergs?) from 0.1-300keV, longer rota-
Magnetars are a peculiar class of neutron stars. Most of the abgst periods than most ordinary radio pulsats 2-125s), and
20 known magnetars are characterized by strong dipolar mggry high period derivatives«( 10-13-10"11g/s). For more de-
netic fields ¢ 10" — 10°Gauss) that are 10— 1000 times tajls see recent reviews on magnetars by Mereghetti (2008) and
higher than the average value in radio pulsars, near 03r even abiR¥ & Esposilo (2011).
the quangum electrodynamic f|eI£j strengipep = MEC®/eh ~ The most successful model for explaining the X-ray
4.4 x 10°G (Harding & Lail2005), although with two excep-gmission from these objects invokes the decay and insta-
bility of their magnetic fields |(Duncan & Thompson 1992;
Send offprint requests to: corresponding author D. Hadaschlhompson & Duncan 1993, 1995). The dichotomy between
(hadasch@ieec.uab.es) magnetars and ordinary pulsars may indicatéedent progen-
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itors (Thompson & Duncan 1996). This scenario for birthing @he source has a magnetic field Bf ~ 0.59 x 10*“G and a
magnetar postulates a very rapidly spinning proto-newdtanat distance o~4 kpc, making it a good candidate for MAGIC ob-
birth, which would then have a high rotational energy. This e servations (McGill Pulsar Grolip 201 BXTE measured the pe-
cessive energy was searched in the supernova remnantsSNRd (P ~ 7's) and the period derivativé®(~ 0.5 x 10 *%ss™!)
surrounding magnetars. However, those SNRs show no exceq&avriil & Kasp|2002). The X-ray spectrum is variable degen
X-rays relative to those around normal pulsars (Vink & Kuipeing on the source emission state (Kaspi et al. 2003; Woods et a

2006). 2004). After undergoing an outburst in 2002, the source re-
With this paper we aimed at testing whether the additionalrned into its possible quiescence state and the corrdspon
energy at birth could have gone in TeV emission. ing spectrum is best fitted by a blackbody plus a power law

To date, no magnetar has been detected at energies atidie~ 10°%cm=2,KT ~ 0.4keV andl” ~ 3.75) (Zhu et all. 2008).
1 MeV. Although recently, the H.E.S.S. collaboration presd
their discovery of extended Tey-ray emission towards the )
magnetar SGR 1806-20it is doubtful that the emission is 3- The MAGIC telescopes, analysis and data

driven by the magnetar itself (Rowell et al. 2011). TH@mi- The MAGIC Collaboration operates two 17 m diameter imag-
LAT Collaboration presented upper limits for 13 magnetéteya ing atmospheric Cherenkov telescopes on the Canary Isfand o
17 months of sky survey observations between 0.1 and 100 GeY paima. The data sets presented here were taken in 2008,
(Abdo et al. 2010)._Sasmaz Mus & Gogus (2010) studipd- e pefore the second MAGIC telescope was operational mon
cially the Fermi data of 4U 01421. Neither steady nor pulseddata), and in 2010 when both telescopes were already taking
emission was found. In this work we present a search for thgyrepscopic data. Details about the performance of MAGIC
emission at very high energies (200 GeV-50 TeV) from the tWR mono and stereo mode can be found in Albert &t al. (2008)
magnetars 4U 0141 and 1E 2258586 with the MAGIC tele- anq[Aleksit et dl.[(2012). All data presented in this workieve
scopes. These sources have been also observed by the VERI{kan in the so-called wobble mode and were analyzed using th
Collaboration and corresponding upper limits above angynenaRrs analysis framework (Moralejo etlal. 2009; Aleksic Et a

of 400 GeV have been presented in Guenettelet al. (2009). Hif2). The analyses presented here have an analysis titresho
present MAGIC observations of these two magnetars extend B} 200 GeV. The upper limits were calculated using the Rolke
spectrum to lower energies, 200GeV. algorithm [Ralke et &l 2005) with a confidence level (C.Lf) o
95% assuming a Gaussian background and 30% of systematic
uncertainty in the flux level. Since 1E 228886 is embedded

2. The observed magnetars in a SNR and may contain more than one emission region (see
The source 4U01461 is located at anoodoo0e = 0P€lOW) relevant parameters for the observations are the MAG

01"46M22407, +61°4503/19 at a distance of~ 3.6kpc. field of view of 3.5 and the angular resolution 60.07 above

With an X-ray luminosity olLx ~ 1x 10°%erg s itis one of the 300GeV (Aleksic et al. 2012). .

most X-ray luminous magnetars known (McGill Pulsar Gfoup 4U 0142+61was observed for 25.41 hours. After quality cuts
2012). This makes it a good target to search for persistelft-58 hours of gective observation time remain. These mono
very high energy emission. Long term spin period variatiorfta were taken between August and December 2008 covering a
(P ~ 8.7 s) were discovered during observations vitOSAT ~ zenith angle range between“3hd 40.6. .
(Israel et al[ 1994), leading to the measurement of the gerio Data for 1E 2259586 were taken in stereo mode wobbling

derivative P ~ 2 x 101%ss%, and consequently of the Veryaround the sky position 0.12away from the magnetar to have
strong magnetic field ~ 1.3 x 10G (McGill Pulsar Group the shell_of the supernova remnant and.the magnetar in the sam
2012). The bright 1-10 keV emission coming from 4U 0162 field of view. Given the angular resolution of the MAGIC tele-
has been observed by many X-ray satellifes (Whitelét al.;198Fopes, these two possible TeV sources would be spatigity se
Israel et all_1999; Patel et/al. 2003; Rea ét al. 2007a,bpliee arable with MAGIC. The region was observed between August
an X-ray spectrum typical of an Anomalous X-ray Pulsa#nd November 2010 _for 14.33 _hours within a zenith angle range
(AXP), best described by an absorbed blackbody plus a pov@ér29°—43- After_qua_llty cuts this amounted to 8.22 hours of ef-
law (Ny ~ 10%2cm 2, KT ~ 0.4keV andl” ~ 3.62). A very strong fective observation time.
hard X-ray emission has been reported INTEGRAL up to
250keV, with a spectrum well modeled with a steep power-laxy
with a photon index of+1 (Kuiper et al.l 2006). At the time ™
of data taking with the MAGIC telescope, there were onljeither source was detected by MAGIC. We computed the inte-
COMPTEL upper limits in the MeV range suggesting a spectrgal flux upper limits above 200 GeV with 95% C.L. assuming a
break in the hard X-ray emission of this object. The uppelifferential energy spectral shape of a power law with an index
limits, however, do not put strong constraints on the HE 0VHof 2.6, similar to that of the Crab Nebula spectrum. The tssul
gamma-ray emission of the object, especially given the higle given in Tabl€]l. A 25% change in the photon index yields
systematic uncertainty of the background subtractionénddita g variation of about 7%. In Figl 1 we show the corresponding
COMPTEL analysis|(Schonfelder 2004). Recently, the uppgfst statistic (TE)map for 1E 2259586. No excess was found
limits derived by theFermi-LAT Collaboration (Abdoetal. at either the magnetar position nor at any location withi@ th
2010) and by Sasmaz Mus & Gogus (2010) point to a€uto  surrounding SNR. The TS map for 4U 014&1 is not shown
the MeV band. here, but shows the same flat behaviour. The upper limit fr th
The AXP 1E2259586 is located atazood2000 = extended SNR will be discussed elsewhere. The white comtour
23'01m08296, +585244/45 embedded in the SNR CTB109represent the X-ray emission of the surrounding SNR dedecte

Results

! Originally, magnetars were divided into two categories:ftSo 2 Our test statistic is Li & Mal(1983) eq. 17, applied on a smedth
Gamma Repeaters (SGRs) and Anomalous X-ray Pulsars (AXR#)Jd modeled background estimation. Its null hypothesitribligion
(Woods & Thompsan 2006). mostly resembles a Gaussian function, but in general cag dizome-

what different shape or width.
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Table 1. Magnetar parameters taken from McGill Pulsar Group (204!2hg with the MAGIC results presented here. Crab Units
(C.U.) are defined as a fraction of the Crab Nebula flux as nmeddry MAGIC (Aleksi€ et al. 2012).

Source Distance  Bgy Lx log(Lo) Eff. obs.time Significance  Upper limit (95% C.L.>E00 GeV)
[kpc] [10"*G] [10%%ergs?!] [ergs?] [hrs] o [cm2 s

4U 014261 3.6:0.4 1.3 11 32.10 16.58 -2.1 1.5%10712(0.70% C.U.)

1E2259%586 4.0:0.8 0.59 0.34 31.70 8.22 -0.5 2710712 (1.24% C.U.)

with the XMM-Newton satellite (0.1-15keV). We also searched
for pulsations for both magnetars. For the pulsed analysig&o
2259+586 we used a timing solution valid at the epoch of the ses
MAGIC observations, as derived by Icdem et al. (2012). Ve di s |

not detect any significant pulsation at VHE energies. In tsec 596
of 4U0142+61, we searched for pulsation using the ephemeris
of[Sasmaz Mus & Gogls (2010). We did not find any pudsat

at VHE energies for this source either. 59.2 8

Since neither source experienced an outburst in X-raysg so
during our observing intervals, we can compare our up-g
per limits with data taken with dfierent instruments during 4%
different quiescent epochs. In Figl Zd (2b) we present the .
0.1keV-3TeV multi-band spectral energy distribution (SED
of 4U0142+61 (1E 2259-586), respectively. For both sources ss4
the corresponding ffierential and integral upper limits derived ;
in this work are shown (red lines in Figl 2). In the case of *°7]
4U0142+61, the 0.1-200keV data are froddMM-Newton-
PN andINTEGRAL-ISGRI (Rea et al. 2007a; den Hartog et al.
2008; |Gonzalez et al. 2010) plotted together with the 2 231 23.05 23 2205 229
COMPTEL upper limits |(den Hartog etlal. 2006; Kuiper €t al. RATN]

2006). For 1E 2258586 we show data points frorXMM- )
Newton-PN [(Woods et &l. 2004) together with COMPTEL ug=i9- 1. TS map of 1E 2258586. The green cross represents the
per limits [Kuiper et all 2006). The upper limits provided by"a@gnetar position. The white contours show the X-ray emis-
the Fermi-LAT Collaboration were calculated for threefigir- Sion of the surrounding SNR CTB 109 detected with XheM-
ent energy ranges (Abdo et al. 2010). For the overall endrgy fNewton satellite. The color scale represents the TS value.
from 0.1-10GeV a photon index of 2.5 was assumed. A cut-
oftf is mimicked by splitting this energy bin into two parts with

hoton indi f1.5and 3.5, r ively. Th m | . . .
Ere indicated i FigkJ2. The results derved by the VERITAG! a1 eXtra component n the SED besides any magnetospheric
Collaboration on the two sources are also shown for compafi"'SS1on.

son (grey dashed lines). They correspond to 99% C.L. integra U_si_n_g the MAGIC telescopes we studied for the first time the
flux upper limits of 868 x 10-X3cm 25t for 4U 014261 and possibility of magnetars to be a new TeV source class on the ex
2.49 x 10 %cm 25t for 1E 2259586 by assuming a power- amples of 4U 014261 and 1E 2259586. This exploratory work

law with a photon index of 2.5 above 400 GV (Guenette et 4fd 10 @ non-detection of the VHE gamma-ray emission from
2009). The upper limits for both sources are compatible aitheither of them. This result indicates that magnetars areapro

break in the power law at1 MeV. However, the SED lacks anybly n?ﬁ VHE emlg]ers d?rlnlg thzlrlquhescent st&te, as e_g?fiact
measurements above hard X-rays, what gives complete freed&®™ te varkl)ogs \?ﬁrEe |ca_t{no ZS'. 0\;\|/ev_er, € podssy .
under the corresponding instrumental sensitivity. magnetars being emitiers during flaring episodes canno
be ruled out because of the lack of VHE observations during
Cheng & Zhang[(2001) presented a model for the very highese high-activity periods. Consequently, our futurerciess
energy radiation from magnetars. They predicted emissfonfer VHE emission of magnetars will be performed during out-
v-rays in the GeV band coming from the outer gap for theurstsd.
two sources we studied. This model has been recently revised
by Tona et al. [(201 1) who updated the observational paraﬁﬁ:knowledgements We would like to thank the Instituto de Astrofisica de
g h o] P . Canarias for the excellent working conditions at the Olseno del Roque
eters to Calcu'_ate the-ray radiation properties of all AXPs de los Muchachos in La Palma. The support of the German BMBFMIAG,
and SGRs using the models by Zhang & Cheng (1997) afd italian INFN, the Swiss National Fund SNF, and the SaMSCINN is
Cheng & Zhang|(2001). The scenariolby Tong etlal. (2011) prgatefully acknowledged. This work was also supported ByGRAN CSD2007-
dicts that 4U 014261 should have been detectedfgymi-LAT, 00042 and MultiDark CSD2009-00064 projects of the SpanisimsGlider-
although they explain the lack of a detection by Fermi-LAJ9en0 2010 programme, by grant DO02-353 of the Bulgari@FNoy grant
: X 27740 of the A f Finland, by the DFG Cl fE “
(Abdo et al[ 2010; Sasmaz Mus & Gois 2010) by invej- 0 of the Academy of Finland, by the DFG Cluster of Exerele “Origin
cretion. For 1E 2258586 the model does not predict GeV emis- s |y order to provide fast reactions to such events in the &tur
sion. We note that although none of the current models predigaGIC has installed an alert system, which receives alertwiged
TeV range emission for either magnetar, the existence ef dify several satellites and points the telescopes to thedladarce auto-
fuse emission around 1E 228886 could lead to the appearancenatically, as it is also done for observations of Gamma RagBu

58 -3




J. Aleksit et al.: Observations of the magnetars 4U 85642and 1E 2259586 with the MAGIC telescopedRN)

4U 0142+61, Figure 2a
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