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Abstract. We present photometry and spectroscopy of SN 2011kl associated to GRB 111209A.
Peculiarities arise from both the ultra-long GRB and the very luminous SN, brighter than
any other GRB-associated SN observed to date. We present unequivocal evidence in favor of a
scenario where a newly-formed magnetar powers both the GRB and the SN.
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Long-duration gamma-ray bursts (GRBs) are linked to massive stars stripped of their H
and He envelopes through broad-lined supernovae (SNe) Ic. The first GRB-SN
identified as magnetar-powered was SN 2006aj (XRF 060218), although
evidence was not conclusive. The magnetar scenario is usually invoked for H-poor SLSNe,
although evidence has suggested that GRB-SNe are also powered by magnetars, because
(1) the SN drives the explosion in terms of energy and (2) the SN kinetic energy is
strikingly similar to the rotational energy of a milisecond magnetar (~ 2 x 10°% erg).

The very luminous SN 2011kl was associated with the ultra-long GRB 111209A
(Toy =~ 4hrs) at z = 0.677. Binary-channel formation of a low-metallicity BSG pro-
genitor and tidal disruption were proposed as possible scenarios. However, the obvi-
ous SN bump in the photometric data, which consists of GROND grizJ bands and
Swift/UVOT wu band (see Greiner et al. (2015) for multicolor light curves), discards a
tidal disruption event. The luminosity of SN 2011kl peaks at 14 days after the explosion
with Ly = 2.8x10%3 ergs™! (M1 = 20.0 mag), which is three times brighter than previ-
ous GRB-SNe (Fig. 1, left panel). While the *° Ni-powered model of the pseudo-bolometric
light curve delivers My; = 1.0+0.1 Mg and M,; = 3£1 Mg, the magnetar model results
in P, ~ 12ms, B = (6 —9) x 101G, My; = 2 —3Mg and Ey = (2 —9) x 10°! erg.
The spectrum at around maximum looks almost featureless (Fig. 1, right panel). The
low opacity at 300-400 nm is not compatible with My; ~ 1 Mg and there is no evi-
dence of freshly synthesized material. The estimated expansion velocity corresponds to
vpn ~ 21,000 kms~!, which is faster than super-luminous SNe (SLSNe; ~10,000 kms™1).
A BSG progenitor would have implied H lines in the spectrum and a slower light curve.
A high luminosity due to CSM interaction would have implied strong Balmer lines. The
correction for GRB-jet collimation has to be < 1/50 to be compatible with the maximum
magnetar energy, which is well within typical values for GRBs. Given that there is no
evidence in the spectrum for such large *°Ni mass and the blue spectrum of SN 2011kl
resembles those of magnetar-powered SLSNe, we invoke the magnetar model for this
association. This scenario offers a link between GRB-associated SNe, ultra-long GRBs,
and SLSNe.
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Figure 1. Bolometric light curve (left) and spectrum (right) of SN 2011kl compared to SLSNe
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and GRB-SNe. Refer to Greiner et al. (2015) for more details.
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