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Abstract Discovery
* MAGIC ob d 3C 58 during th lod
The Pulsar Wind Nebula (PWN) 3C 38 is energized by one of the highest spin-down [ S-S rme =101 betweeno4 Z?Jrg\;ﬁst 2013 to 5uj:r?uar§ 2F())e1r4|1(.)
power pulsars known (5% of Crab pulsar) and it has been compared to the Crab Nebula = 350; g g
due to their morphological similarities. This object was detected by Fermi-LAT with a 300; 4 Slonifiosnc Tl = 7 * The cuts applied and the zenith angle yield

spectrum extending beyond 100 GeV. We analyzed 81 hours of 3C 58 data taken with 250 an energy threshold of 420 GeV.

the MAGIC telescopes and we detected VHE gamma-ray emission for the first time at 200F

W * Position is compatible with PSRJ0205+6649

TeV energies with a significance of 5.7 sigma and an integral flux of 0.65% C.U. above 1 180 = f systematic errors are taken into account
TeV. The differential energy spectrum between 400 GeV and 10 TeV is well described by 100 £ '
a power-law function CICD/CIE=1:0(E/1TeV)'r with fo=(2-0"—'0-4stati0-6sys) 10-13cm=2s 1 TeV-' 502— » The extension is compatible with the PSF.
and '=2.4+0.2t2t20.2sys. This leads 3C 58 to be the least luminous PWN ever detected 0g g b

at VHE and the one with the lowest flux at VHE to date. According to time-dependent 0 [ deg’ ] 65.1 -
models in which electrons up-scatter photon fields, the best representation favors a B R ot (e e it et e e ey W ) y
distance to the PWN of 2 kpc and FIR comparable to CMB photon fields. If we consider [N GBI NSNS EZ e 1= e s e A |

0.25

an unexpectedly high FIR density, the data can also be reproduced by models assuming gasfp{fgazgg{&i”gdi(da;e e_\/etn;STindthte_bpﬁ_sitionf g;‘ s
. . . . “y- . . . re oints). e aistripution O

a 3.2 kpc dlstance..A low magpetlc field, far from equipartition, is required to explaln.the for the OFF position: b slee dhenn (orey e

VHE data. Hadronic contribution from the hosting supernova remnant (SNR) requires NSt

unrealistic energy budget given the density of the medium, disfavoring cosmic ray 64.7

acceleration in the SNR as origin of the VHE gamma-ray emission.
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Fig. 2: Relative flux (excess/background) map for
MAGIC observations,

Context
Spectrum
* The SNR 3C 58 (SNR G130.7+3.1) has a flat radio spectrum and it is brightest near the center, — ‘
and hence it is classified as a PWN [1] o o ¢ MAGIC, this work
» Centered on PSR J0205+6449 discovered in 2002 with the Chandra X-ray observatory [2] c U E . 3C58 Fermi points (Abdo et al. 2013)
* Widely assumed that to be located at a distance of 3.2 kpc [3], but a new H-I measurement N = - 3C58 Fermi points (Ackermann et al. 2013)
suggests a distance of 2 kpc [4]. @ -~ 3C58 SED frpm pa_nel 3 of Fig. 1 in Tarrgs et al. (2013)
- The estimated age of the system ranges from 0.8 kyr up to 7 kyr. m 3C58 SED Fig. 10 in Bednarek & Bartosik (2003)
1010 | e ?E ky;r f03r 30853 ESSI?: Flgé 1 |$ Tankakg @r T(akhahara2g210; 3)1
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* The pulsar wind nebula (PWN) 3C 58 is one of the historical very-high-energy (VHE; E >100 c;-.%* — Sysyt;|$1;tic Sncertaint;,? n 1and ahara ( ) ;
GeV) y-ray source candidates. LL — T <
* Previously observed by imaging atmospheric Cherenkov telescopes (Whipple, VERITAS and 10 | —
MAGIC), although not detected, with an upper limit of 2.4 % Crab Unit (C.U.) at VHE [5,6,7]. — — =
* Between the two y-ray pulsed peaks, the Fermi Collaboration reported the detection of = _yth f —

emission from 3C 58 [8]. The differential energy spectrum between 100 MeV and 316 GeV is 10712
well described by a power-law with photon index ' = 1.61 £ 0.21.
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The MAGIC Telescopes =
* MAGIC is a stereoscopic Imaging Atmospheric Cherenkov telescope situated on the -14_||||| T T N TN
island of La Palma (2225 m.a.s.l.). It can achieve a sensitivity of (0.76 *+ 0.03)% of the 107 5 1 10 102 10° 1['}4
Crab Nebula flux in 50 hours. The energy threshold achieved by the telescope for Energy [GeV]
observations at low zenith angle is 50 GeV. Fig. 3: 3C58 spectral energy distribution in the range between 0.1 GeV and 20 TeV.

* A one zone model of the spectral evolution of PWNe for a distance of 3.2 kpc [9]
predicts a y-ray flux above 400 GeV about an order of magnitude lower.

* |C scattering only from the CMB is consistent with the observed spectrum [10].
However, it leads to B ~14uG and it underestimates the radio emission of the nebula.

: 7 o 8 s * A time-dependent model of the spectral evolution of PWNe including synchrotron
R | = bt mm - . = emission, synchrotron self-Compton and IC [11] fits the VHE for an age of 1 kyr.
s i- =y 1|: .I'-,- .. r |
T TR = .o AR w4 & 'i * A different time-dependent leptonic diffusion-loss equation model without
W o "’hL'TT“:,‘_ .i""-."__"ar']" approximations, [12,13] foresees the VHE emission for high FIR background.

* Production by hadronic emission in the SNR G130.7+3.1[14] leads to acceleration
efficiency larger than 100%.

Conclusion: The measured luminosity and flux make 3C 58 the least luminous VHE
v-ray PWN known and the object with the lowest flux at VHE to date. Only a closer

MAGIC Telescopes placed in the island of la Palma. distance of 2 kpc or a high local FIR photon density can reproduce the multiwavelength
data of this object qualitatively among published models. Since the high FIR density is

unexpected, the closer distance with FIR photon density comparable with the averaged
value in the Galaxy is favored. The models fitting the y- ray data derived magnetic fields
which are very far from equipartition. Following the assumptions in [16] the measured
flux is highly unlikely to come from hadronic emission of the SNR.
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