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Millisecond Magnetars as the Central Engine of
Gamma-ray Bursts
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The durations of GRBs (gamma-ray bursts) have a bimodal distribution with short-
duration GRBs (SGRBs) lasting for less than ~ 2 s and long-duration GRBs (LGRBs)
greater than ~ 2 s. A large number of observations indicate that LGRBs originate from the
collapses of massive stars and are therefore associated with supernovae (SNe). SGRBs, on
the other hand, are believed to be the results of binary compact object mergers. Now the
study of GRBs has progressed to the stage of identifing the nature of central engines, i.e.,
black holes or millisecond magnetars. We elaborate the progress in Chapter 1.

Numerical simulations support the idea of black holes as the central engine of GRBs
since the simulations find the formation of jets by black holes. Some observational features,
however, cannot be easily integrated into the black hole model, for example, the X-ray
plateau lasting for 100 — 10* s, the extended emission of SGRBs, X-ray flares, etc. The
most concise interpretation for these features is that they are powered by rapidly rotating
magnetars. If the central engine is a magnetar, it will dissipate its rotational energy by
injecting Poynting flux to the ejecta. Such energy injection will enable an observer outside
the jet angle of the SGRB to detect the electromagnetic signals. In Chapter 2, we assume
that the Poynting flux from the magnetar will quickly transform into the wind dominated by
the ultrarelativistic electron-positron, and then a reverse shock will develop when the wind
encounters the ejecta. We find that the recently discovered optical transient PTF11lagg can
be interpreted as synchrotron emission of reverse shock powered by a millisecond magnetar.

In Chapter 3, we consider the absorption of reverse shock emission by the ejecta which is
ignored when we study PTF11lagg. We also adopt a more realistic dynamics of the blast wave
than that adopted in Chapter 2. The ejecta is believed to be pure r-process material which is
difficult to study in laboratory. We therefore explore the feasibility to study it by observing
the X-ray, UV (ultraviolet), and optical emission obscured by the ejecta. It is found that
at early time of the reverse shock emission, the opacity in X-ray band is dominated by
elastic scattering of free electrons, the opacity in optical band is dominated by bound-bound
transitions, and the opacity in UV band is very likely dominated by bound-free transitions.
As a result, the ionization breakout is expected in UV wavelength.

In Chapter 4, we consider the effect of inverse Compton (IC) scattering on the electron
cooling that was not taken into account in previous 2 chapters. Because the electrons in
reverse shock are ultrarelativistic, it is expected that the IC emission is prominent. The effect
of IC on synchrotron emission is to reduce its cooling frequency. To utilize the high-energy
telescope to probe the birth of millisecond magnetars, we calculate the IC flux from 1 GeV
to 100 GeV. It is found that Fermi/LAT (Large Area Telescope) and CTA (Cherenkov
Telescope Array) can detect the IC emission powered by a typical magnetar up to ~ 1 Gpe.

In Chapter 5, we discuss some topics that are on hot debate and the perspective for
upcoming years.
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