Magnetars and Gamma-Ray Bursts
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The Proto-magnetar idea: energy,
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The Proto-magnetar idea: energy,
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and the death of the progenitor.
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Extracting the energy via winds

logo(density)

[g/cm?)

2x10° Ax1 0 1907 2x10"

Scheck et al

16/03/2012 N. Bucciantini: IAU 279 Nikko 2012

Friday, March 16, 12



Extracting the energy via winds

~
\ 4

logo(density)
[g/cm?)
2x10 Ax1 0 1907 2x10"
Scheck et al
16/03/2012 N. Bucciantini: IAU 279 Nikko 2012

Friday, March 16, 12



Extracting the energy via winds
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Magnetar spin-down evolution

B4,=2x10'°G, P,=1.5 ms
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Magnetar spin-down evolution
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Magnetar spin-down evolution
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Magnetar spin-down evolution

B4,=2x10'°G, P,=1.5 ms
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Magnetar spin-down evolution
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Magnetar spin-down evolution
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Magnetar spin-down evolution
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Magnetar spin-down evolution
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Geometry of the Outflow

Komissarov 2005

Jet break time in pre-Swift era
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Geometry of the Outflow

Komissarov 2005

Jet break time in pre-Swift era
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What about the interaction with the progenitor?

[ How do relativistic winds interact with the environment? j

4 )

[ Pulsar Wind Nebulae J PWNe are hot bubbles of

relativistic particles and
magnetic field originated by
the interaction of the ultra-
relativistic magnetized
pulsar wind with the
expanding SNR (or with the

ISM) .

Bigger, less confined and
less energetic versions of
GRBs?
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Cartoon
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Cartoon

The cavity is swept
by the PNS wind
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Cartoon
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Interaction with the progenitor

Mon: density (log)

Mon: gas pressure
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Interaction with the progenitor

a D
Recent numerical study
investigates the
transition from the
matter dominated phase
to the magnetic
dominated phase
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Jet at large distances
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Bucciantini et al. 2007
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PNS SN coupling
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PNS SN coupling

P = 1ms, B=10""G

MSUI’\/S
[ | | | [ I |
AP N NN — - - O O o =
N OO O O Orh. OO MO U1 ©O U1 O
I I I I I lllllllllllllllllllllllll
| ////////////////// \\:\\\\\\\\ -
1 1 111111 lllllllllllllllllllllllllllll lllllllllllllllllllllllllllll

Mass Loss Rate

Energy Loss Rate

Ang.Mom. Loss Rate 2

48 2
10" ergs/cm
© o oo~
N AN O @ O
I LI I TTT I TTrT I TTrT I
/

(

0 2 4 6 8 10 12
t(sec)

16/03/2012 N. Bucciantini: IAU 279 Nikko 2012 12

Friday, March 16, 12



10°

16/03/2012

Late activity
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Validating the model
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Validating the model
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Validating the model
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GRB true energetics
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Short GRBs with EE
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Short GRBs with EE
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Short GRBs with EE

NORRIS & BONNELL
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EE and LGRBs

Prompt Emission Properties of Swift SGRBs and Candidate SGRBs

GRB Class Ambiguous? z SEE/ Sspike
050509B N 0.2249 <143
050724 N 0.258 2.64 +0.49
050813 N 0.722? < 3.64
050906 Y? e < 14.87
050911 ybe 0.1646? 1.31 £0.43
050925 VG e <1.83
051105A N < 8.06
051210 YP 0.114? 2.72 +£1.33
051221A YP 0.5465 <0.16
051227 YP e 2.87 +£0.677
060313 N e <0.29
060502B N 0.287? <345
060801 N 1.1312 < 1.84
060614 ybe 0.125 6.11 £0.25
061006 YP 0.4377 1.75 £ 0.26
061201 N 0.111? <0.71
061210 N 0.41? 2.81 £0.63
061217 N 0.827 < 3.81
070209 N < 8.08
070429B N 0.904 <2.44
070714B N 0.92 0.477 +0.163
070724A N 0.457 <4.24

: 070729 N <2.16

: 070731 y® <137

: 070809 YP 0.219? <1.37
070810B N <9.40
070923 N <5.96
071112B N <4.14
071227 YP 0.383 1.56 & 0.49°
080503 Y® e 32.414+5.7

Perley et al 2009
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EE and LGRBs

Table 1
Prompt Emission Properties of Swift SGRBs and Candidate SGRBs

GRB Class Ambiguous? z SEE/ Sspike
050509B N 0.2249 <143
050724 N 0.258 2.64 +0.49
050813 N 0.722? < 3.64
050906 Y? e < 14.87
050911 ybe 0.1646? 1.31 £0.43
050925 VG e <1.83
051105A N < 8.06
051210 YP 0.114? 2.72+1.33
051221A YP 0.5465 <0.16
051227 YP e 2.87 +£0.677
060313 N <0.29
060502B N 0.287? <345
060801 N 1.1312 < 1.84
060614 ybe 0.125 6.11 £0.25
061006 YP 0.4377 1.754+0.26
061201 N 0.111? <0.71
061210 N 0.41? 2.81 £0.63
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SGRBEES & Magnetar
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Dynamics of the outflow

density (log) density (log) density (log)
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The outcome is just a function of
the ration of the mass in the
ejecta and the PNS luminosity

The confining ejecta shell is
assumes self-similar
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Dynamics of the outflow

density (log) density (log) density (log)

L/M~10% erg/ Msun j

[

L/M~10° erg/ Msun J

velocity magnitude

L/M~10° erg/ Msun J

The outcome is just a function of
the ration of the mass in the
ejecta and the PNS luminosity

The confining ejecta shell is
assumes self-similar
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A model light-curve

Ly (10%° erg s~ )
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Conclusions
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Conclusions

Thank you
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