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Emission episodes prior to the main prompt emission in

+ quiescent time ~ Tgo

Koshut et al. 1995

Lazzati 2005
Ramirez-Ruiz & Merloni 01
Burlon et al. 2008, 2009
Troja et al., 2010
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Emission episodes prior to the main prompt emission in

+ quiescent time ~ Tgo
+ multiple precursors
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Emission episodes prior to the main prompt emission in

+ quiescent time ~ Tgo

Koshut et al. 1995

+ multiple precursors L azzati 2005
S : Ramirez-Ruiz & Merloni 01
*+ negligible or comparable energies T
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Why?? Precursors in GRBs

Emission episodes prior to the main prompt emission in

4

4

4

4

quiescent time ~ Too

multiple precursors

negligible or comparable energies
also in short GRBs

Koshut et al. 1995

Lazzati 2005
Ramirez-Ruiz & Merloni 01
Burlon et al. 2008, 2009
Troja et al., 2010



Several proposals developed:

+ Two steps collapse = single precursor

Wang & Meszaros 2007
Lipunova et al. 2009

+ Shock breakout = single precursor
through the stellar w» thermal spectrum for
envelope the precursor

Ramirez-Ruiz et al. 2002
Wang & Meszaros 2007

+ Photospheric single precursor

emission thermal spectrum for
Meszaros & Rees 2000 the preCU r'SOr

Ruffini et al. 2001
Daigne & Mochkovitch 2002
Li 2007
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Why?? Precursors in GRBs

Emission episodes prior to the main prompt emission in

*

*

4

4

guiescent time ~ Tgo

multiple precursors

negligible or comparable energies
also in short GRBs

Koshut et al. 1995

Lazzati 2005
Ramirez-Ruiz & Merloni 01
Burlon et al. 2008, 2009
Troja et al., 2010

So, how to switch on and off a GRB?

With a
powered by

Usov 1992

Duncan & Thompson 1992
Dai & Lu 1998

Zhang & Meszaros 2001
Metzger et al. 2011
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How?? Acﬁé? SEJ n-p ow ’ agnetar
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Accretion phase =
= Propellerpia
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quiescent
GRBO61121 tlme

1072 107 10° 10
Rest frame time since BAT trigger (s)

Linin = 4 x 10°°B2, P~.1/% ergs™!
L(rm) =2 x 10°°Bi; P~ ergs™*
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The magnetar can still
quiescent influence the GRB
time emission with its
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Dai & Lu 1998
Zhang & Meszaros 2001
Corsi & Meszaros 2009
Lyons et al. 2010
Dall’Osso et al. 2011
Metzger et al. 2011
Rowlinson et al. 2013
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+ bright long GRBs observed by BAT
+ almost complete in redshift

16



Precursors in the BAT6 sample

Precursors vs. Main Event:

, With similar spectral indices

Precursor COmprises a
(~20%)

moderate correlation bw peak luminosity (energy) of precursor
and main event

correlation bw quiescent time and duration of the
emission episode <-

Koshut et al. 1995
Lazzati 2005
Ramirez-Ruiz & Merloni 01

— Burlon et al. 2008, 2009



ENBERGY INECTIONEROMSRINISING-

DOWN NEWLY BORN NS INTO T

L; [!
Et) = = — _ + F
() tk’ /to (]_—|—Cl,t)2—|_
Dall’Osso et al. 2011
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ENERAN INECTIONEROMSRINNING-

DOWN NEWLY BORN NS INTO T

a ~ B?/p2
L; ~ B?/p4

Lo HORWAR DS
E(t) = @/—+EO o G
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Dall’Osso et al. 2011
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peak luminosities of both precursor and main
event are
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SUMMARY OF THE PROMPT EMISSION PROPERTIES OF GRBS WITH PRECURSORS IN THE BAT6 SAMPLE AS OBSERVED BY BAT (15 — 150
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+ peak luminosities of both precursor and main event are

+ simple FRED precursors when

+ complex multi-peaked structure when
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+ Precursor properties (17% of GRBs) explained if central
engine is an

= emission <-> accretion power

= guiescence <-> propeller phase

+ Late X-ray emission powered by the

= direct and iIndependent estimate of B and P
= prompt luminosity above Lmin

+ Potentially of GRBs originates from
accretion-powered Magnetars
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Maselli et al. 2013

Fermi LAT & GBM collaborations 2013
Golenetskiiet al. 2013

Verstrand et al. 2013

Levan et al. 2013

Xu et al. 2013

Melandri et al. 2014

GRB 130427A at a glance:

super-bright (detected by
several high-energy satellites)

well monitored afterglow (GeV,
X-rays, OT, radio)

nearby (z=0.34)
associated with Type Ic SN

= first powerful GRB
associated to SN\

= penchmark to test
standard models
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\ o Afterglow after 26 ks is
emission
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medium with a
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Recipe for X-ray emission:
+ forward shock emission + jet break
+ steep decay (prompt emission)

102 10° 10* 10° 10°
Rest Frame time since GBM trigger

Bernardini et al. 2014 27



Recipe for X-ray emission:
+ forward shock emission + jet break
+ steep decay (prompt emission)
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Rest Frame time since GBM trigger

e BAT 0.3—10 keV
e XRT 0.3—-10 keV
or
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Recipe for X-ray emission:
+ forward shock emission + jet break
+ steep decay (prompt emission)
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Precursor properties (17% of GRBS) explained if central
engine Is an

Late X-ray emission powered by the

Potentially of GRBs originates from
accretion-powered Magnetars

Still many open issues... However accretion-powered
magnetars may be regarded as a plausible central engine
for long GRBs (also for short GRBs, see Gompertz et al.
2014)
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Production of ultrarelativistic jet

+ a heavily thermally driven outflow from the surface prevents
the outflow to be accelerated to high Lorentz factor
Dessart+2009
However:
+ role of strong magnetic field:
=  mass-loss rate along the polar region is only a
fraction of the total

= switch to magnetically driven neutrino wind
Zhang & Dai, 2010

Correct determination of mass-accretion rates and magnetic
fields involved is needed to assess this issue!!l!

IC)C)



Nace = n(w)(GMr,)"*M

100 1000
Time (s)

Piro & Ott 2011
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