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LATE-TIME RADIO AND MILLIMETER OBSERVATIONS OF SUPERLUMINQGUS SUPERNOVAE AND LONG GAMMA-RAY BURSTS

Magnetars are highly magnetized neutron stars, which
are the dense cores left behind after a massive star
explodes in a supernova.

Magnetic Field
Lines

A growing line of evidence suggests that both SLSNe
and LGRBs are powered by magnetar central engines.
While observations at optical and ultraviolet
wavelengths probe the early-time emission from the
supernova explosion, clear signatures of magnetar

engines may be more readily detected in the radio and

F A T R AD I B R T millimeter regimes. Figure 2: Artist’s rendition of a magnetar; a
dense core of neutrons surrounded by
FRU M MAG N ETARS strong magnetic field lines.

More evidence emerged in favor of a possible connection between SLSNe, LGRBs, and magnetars with the discovery and
localization of the first repeating fast radio burst FRB 121102, which was localized to a dwarf galaxy, reminiscent of the
host galaxies of SLSNe and LGRBs. In addition to the host identification, the source was further associated with a
compact source of radio emission several light years across. Such radio nebulae are predicted to accompany magnetars on
timescales of several years post-explosion, as the supernova ejecta becomes transparent to radio emission. This
combination of properties has prompted theories suggesting that FRBs are produced by young magnetars born in SLSN
and/or LGRB explosions.

Fast radio bursts are bright H
bursts of radio emission
lasting only fractions of a
second and arising from
extragalactic distances.
Traditionally, the large
localization regions of FRBs

Figure 4: The precise
localization of FRB
121102 also revealed the
presence of a compact
radio source, which has
been argued as evidence
for a magnetar progenitor.

Figure 3: The host galaxy of the
repeating FRB 121102 was found to

be a low metallicity, star-forming (Chatterjee et al. 2017) prevented unique host
dwarf galaxy, similar to the hosts of associations, inhibiting our Figure 5: The first discovered
SLSNe and LGRBs. (Bassa et al. 2017) understanding of the fast radio burst, dubbed the

progenitors.
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“Lorimer burst.” Image
shows intensity as a function
of time.

Tarraneh Eftekhari, Center for Astrophysics | Harvard & Smithsonian



LATE-TIME RADIO AND MILLIMETER OBSERVATIONS OF SUPERLUMINOUS SUPERNOVAE AND LONG GAMMA-RAY BURSTS

R AD I 0 EM I S S I 0 N FRU M Motivated by these possible connections, we conducted a large radio and millimeter survey of
SLSNe and LGRBs to search for radio nebulae and fast radio bursts. The discovery of radio emission
YO U N G M A G N ET A R S from one of these sources would provide direct evidence for a magnetar origin for the first time.

The Sample:

Active galactic nuclei (AGN) refer to the luminous centers of some galaxies that
are powered by accretion on supermassive black holes. The powerful jets that 1031

accompany AGN are typically strong radio emitters. Thus such sources are common
in the radio sky. In the case of PTF10hgi, we rule out an AGN given that the inferred
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Figure 6: Radio (left) and optical (right) images of the SLSN PTF10hgi. The red circle indicates the
position of the supernova.

Figure 7: Radio light curve
models for central engines

black hole mass would be significantly larger than is typically seen in dwarf galaxies _ consistent with the 6 GHz
like the host of PTF10hgi. TN %\ v detection of PTF10hgi,
3: 102 o1 152 including relativistic jets (blue
n v (GHz) curve) and magnetar nebulae
%1 028 _ PTF10hgi (red and vyellow curve). The
— models are also consistent with
=] our non-detection at 100 GHz.
1027 The inset panel shows the SED
of the source.
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CONSTRAINING
THE PRESENCE OF

CENTRAL ENGINES
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