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General Properties of (typical) GRBs

Oerved.: Duration of 427 bursts
. Duration: 0.01-1000 s. SOE  “Sonhcant gaps

37 BATSE GRB catalogue

TWO Classes: (Meegan et al. 1996)

— Short: Ty, < 2s, harder
— Long: Ty, > 2s, softer

Number of Bursts
(v
o

T HPED ATTTT, SO ST T PP AP I

001  0.1-92s!. 10. ~20 400.  1000.
Teo (Seconds)

Mean Hardness Ratio
(320-7000keV)/(120-320keV)
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General Properties of (typical) GRBs

Observed:
. Duration: 0.01-1000 s.

Two classes:
— Short: Ty, < 2s, harder

— Long: Ty, > 2s, softer

. Fluence: S~10-7-10-3 erg/cm?
. Spectrum: non-thermal, ,
0.1-100 MeV ¢ N4 5 | .

. Variability: high, 1-10 ms

. Rate: 1/day (IGRBs)
0.3/day (sGRBs)

B ~-3.1

E, ~ 720 keV
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General Properties of typical GRBs

3 ROTSE prompt optical images (Akerlof et al. 1999)

Observed: LT TORmR. ommmea
s Duration: 0.01-1000 s. 1 : |
Two classes: Tty Tanomlalsd ety
—  Short: Ty, < 2s, harder Josranty o R
— Long: Ty, > 2s, softer RS S Ry Il S TS
. Fluence: S~10-7-10-3 erg/cm? A
. Spectrum: non-thermal, .",
0.1-100 MeV F(L /S
. Variability: high, 1-10 ms 2 %0 AR N
3 100 / v WP i W e ]
. Rate: 1/day (IGRBs) i bt
0.3/day (sGRBS) o = 7 = s
- Associated events: afterglows in X-ra © Seconds since burst trigger
(~100%), optical (~70%), radio (~ 500)/) BATSE time profile. The intervals between vertical lines
F(t)"‘t’a a~1-2 correspond to the 3 optical observations
. Host galaxies:

IGRBs: starforming, dwarf, low-metallicity
sGRBs: old elliptical + sligthtly star-
forming
. Location:
IGRBs: z=0.0085 - 8.2, <z>~1.3 - 2,
sGRBs: z=0.16 - 6.7, <z>~0.3-0.5

4
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GRB jets: a multiscale problem

Meszaros (2002)

A

Progenitor
(massn star)
External

Internal shocxs

Gamma-ray

burst Afterglow

107 cm 10"%cm 103 cm 10" cm
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Progenitors IGRB: Collapsars

Woosley (1993) — The viscous accretion onto the BH =

Collapse of a massive (M.~ 30M,, WR) rotating star strong heating = thermal vv-annihilating
preferentially around the axis =

that does not form a successful SN but collapses to a formation of a relativistic jet (I>10)?.

BH (Mg, ~ 3M) surrounded by a thick accretion disk.

The hydrogen envelope is lost by stellar winds, — Alternative generation: hydromagnetic

interaction with a companion, etc. (Blandford-Payne mechanism) or
electromagnetic (Blandford Znajek
mechanism).

Black hole with accretion torus

rotation axis -
liberation of up to 29° of
rest mass energy

e_ e# .."

:

MécFadyen & Woosley (1999)
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The formation of the central engine

GRHD simulations:

sufficiently massive
stars collapse and
form BHs

DeBrye, Cerda-Duran, Font, Aloy (2012), in prep.

(e.g., O’'Connor & Ott 2011,
Dessart, O’'Connor & Ott 2011)

long term evolution
needs to be addressed
(disk properties)

magnetic fields can be
terribly amplified
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The formation of the central engine

GRHD simulations:

sufficiently massive
stars collapse and
form BHs

(e.g., O’Connor & Ott 2011,
Dessart, O’Connor & Ott 2011)

long term evolution
needs to be addressed
(disk properties)

magnetic fields can be
terribly amplified
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DeBrye, Cerda-Duran, Font, Aloy (2012), in prep.
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Generic features learned from
numerical simulations of collapsars

Aloy et al (2000)

(see also Mizuta’s talk)
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Generic features learned from
numerical simulations of collapsars

COLLIMATION:

— Jets are inertially (progenitor
recollimation) or magnetically
(self-collimation? confined with
0,02 <0° (even if 6,=20°; Zhang et
al 2003). Indeed, 6., decreases
with distance, which is important
for IS models (loka et al. 2011).

' Rapid Shells
Confined Slow Shell -
=T (t/rg)?"
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N

Retarded Time t-r/c
in units of Causal Time r0/201“12

Conical Slow Shell

0.5 I'=I"4(r/ry) r.210 7 A|Oy et al (2000)
=
01(')0 — 161 — 1(;2 — ""1'03 (see also Mizuta’s talk)
Radius log(r/ro) loka et al (2011)
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Generic features learned from
numerical simulations of collapsars

COLLIMATION:

— Jets are inertially (progenitor
recollimation) or magnetically
(self-collimation? confined with
0,02 <0° (even if 6,=20°; Zhang et
al 2003). Indeed, 6., decreases

with distance, which is important
for IS models (loka et al. 2011).

— Jets show transverse structure:
ultrarelativistic spine (I'~50) of

0...<5° + moderately relativistic,
hot shear layer (I'~5-10)
extending up to 0 ,<30° (Aloy et
al. 2000, 2002)

e -

\

(1)

Aloy et al (2000)

Conical Slow Shell

Retarded Time t-r/c
in units of Causal Time r0/201"12
- o N
L 'l—lj @ i
I
=
(]
o
»
g
=
»
=
o
i |

0.5 =Ty (r/rgp) - .
. o0 (see also Mizuta’s talk)
10° 10 10? 10°
Radius log(r/rg) loka et al (2011)
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Generic features learned from
numerical simulations of collapsars

VARIABILITY: Model e50¢100 of
1. Outflows highly variable due to KH (Aloy et I Aloy et al. (2000)
al. 2000; Gomez & Hardee 2004), SD (Aloy
et al. 2002) or pinch MHD instabilities snapshot times:
(McKinney 2006) => extrinsic variability
which can be the source of internal shocks. ?:22:
239s
3.87s
465s
524s

Model e50v100 of
I Aloy et al. (2000)

snapshot times:

0.00s
0.03s
0.13s
050s
150s
331s
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Generic features learned from
numerical simulations of collapsars

VARIABILITY:

1. Outflows highly variable due to KH (Aloy et
al. 2000; Goémez & Hardee 2004), SD (Aloy
et al. 2002) or pinch MHD instabilities
(McKinney 2006) => extrinsic variability

which can be the source of internal shocks.

2. Extrinsic/intrinsic(=source) variability difficult to
distinguish (Aloy et al. 2000).

3. Morsony et al. (2007) speculate that intrinsic
source variability might be observed in the
tail of the GRB emission (unfortunately, the
faintest!).

Morsony et al. 2007
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Generic features learned from
numerical simulations of collapsars

VARIABILITY:

4, Morsony et al. (2010) show that the engine
variability is preserved even if the beam is
heavily shocked. The variability imprinted by
the jet/progenitor interaction has a different
timescale (longer) as that of the engine

(shorter).
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‘ \ 2.0 ‘ ‘
--LC @ 2.5x10" cm JET BODY
-- Injected power | 1.5} L A ]
| —~ l " J “ l
| S1g)) f | w- ’*
JETHEAD | = Il \/V YW
0.5 , 1
1 2 3 085 21 22 23
time (s) time (s)
__10° central engine
2 (intrinsic)
S
E‘ 4
.g 107 jet/progenitor \/ =
'(% interaction
g (extrinsic)
~
523 102 uniform
E variable entropy
variable baryon load
injected luminosity
0 ‘ | ‘ \
10 10" 10° 10!

Morsoni et al. 2010
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Generic features learned from
numerical simulations of

VARIABILITY: S

Mizuno et al. 2012

5. Jets are also stable in 3D RHD (Zhang et al.
2004) but still unclear whether 3D RMHD
collapsar-jets will be stable (Mizuno+ 2012). &

Zhang et al. 2004
R~10" cm
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Generic features learned

t=1.0s
t=3.05 =------
5 A comerrers
- mE < AN t=4.5g e
o o, W, LN
rom numerica § e
_é‘ 2 T "z‘h}".‘,,:‘d":,‘“ ‘;:t”:::::‘: 2 ';f’\“'l"(. '!_.s“."
simulations of collapsars : ‘| NV
£ Sl s )
g 2 g e\
- rag, " :

DYNAMICS AFTER THE ENGINE TURNS OFF _

— Engine is switched gradually off after tnj=3 s. % 2 .
— The unshocked region is lost : j: " Y
o t=1.0s
* The unshocked region is refilled from the % : S
sides: p grows yielding a decrease of I. = | &&=
120 b t=1.0s Y
» To see any effect of the engine variability 00 | Eggi e
(as suggested by Morsony et al. 2007) the § ,,| ©50s ~---
injection must be rather long tinj = 20 s. »: 1
« Short (ti = 5 - 10 s) long GRBs will show - |
only extrinsic variability (not from the 201

engine). — 7

* The shocked region accelerates by
conversion of thermal-to-kinetic energy, =

being possible to reach I'= ~200 10 ¢ E
Model HE16, ' :g : | |
profiles along the axis 1 t—- - &
Mizuta & Aloy (2009) '¢*%® 1e+09 1e+10 o]

radius r (cm)
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Why do we need magnetic fields to
grow?

But if there is:

rotation, and seed magnetic fields

maghnetic fields can be terribly
amplified!

(working out time-scales and
different amplificat. mechanisms)

Y. Ibl [cgs]

Jet production

Obergaulinger, Aloy & Miuller (2006);
see also Takiwaki, Kotake & Sato (2009);
Nagataki (2009)

S ‘ v, legs] /1.00x10° McKinney (2006)

0 12 24 -3.86 =1.33 1.21
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Why do we need magnetic fields to
grow?

—  The B-fields in presupernova models are too small.

But if there is:

rotation, and seed magnetic fields

maghnetic fields can be terribly
amplified!

(working out time-scales and
different amplificat. mechanisms)

Y. Ibl [cgs]

Jet production

Obergaulinger, Aloy & Miuller (2006);
see also Takiwaki, Kotake & Sato (2009);
Nagataki (2009)

S ‘ v, legs] /1.00x10° McKinney (2006)

0 12 24 -3.86 =1.33 1.21
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(see Moiseenko’s talk)

B-field growth in PNS and CC-SNe

BLACK HOLE

UUUUUUUUUUUUUU

BLACK HOLE

EEEEEEEEEEEEEEEEEEEEEEEEEEE

NNNNNNNNNNN

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
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(see Moiseenko’s talk)

B-field growth in PNS and CC-SNe

Progenitors of IGRBs are massive stars,
whose final fate is determined by their
mass and metallicity.

BLACK HOLE

BLUE SUPERGIANT

N » BLACK HOLE

h’!g' i -

BLLJE GIANT \/
- P S
\' NEUTRON STAR

\““r o "

TYPE || SUPERNOVA

BLUE SUPERGIANT TYPE || SUPERNOVA

&%~

)
>

-

BLUE SUPERGIANT RED GIANT
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(see Moiseenko’s talk)

B-field growth in PNS and CC-SNe

Progenitors of IGRBs are massive stars,
whose final fate is determined by their
mass and metallicity.

= it makes sense to study them in the
s broader context of SNe explosions.

BLUE SUPERGIANT

BLACK HOLE

. )
qm - L=
L L
-

-
T
L

BLUE SUPERGIANT TYPE || SUPERNOVA

K3 ,
BLUE GIANT
‘ -

&%~

P S
\' NEUTRON STAR

\““r o "
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>

-

BLUE SUPERGIANT RED GIANT
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(see Moiseenko’s talk)

B-field growth in PNS and CC-SNe

Progenitors of IGRBs are massive stars,
whose final fate is determined by their
mass and metallicity.

= it makes sense to study them in the
N . o broader context of SNe explosions.

= understanding the B-field growth in
UUUUUUUUUUUUUU SNe progenitors is key to
understand the B-field growth in
IGRB progenitors.

EEEEEEEEEEEEEEEEEEEEEEEEEEE

EEEEEEEEEEEEEEEEEEEEEE
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B-field growth in PNS and CC-SNe

« field amplification by

* Magneto-rotational instability (MRI)
» Convection
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B-field growth in PNS and CC-SNe

« field lification b - : i i
'eld ampiification by - triggered by differential rotation of the proto-neutron star

* Magneto-rotational instability (MRI)

. Convection » leading to field amplification, turbulence and transport of

angular momentum
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B-field growth in PNS and CC-SNe

« field amplification by

* Magneto-rotational instability (MRI)
» Convection

mode analysis and local y

modelling
(Obergaulinger, Cerda-Duran, Mdller, Aloy 2009)

Stable modes

kv, 0.6
Q cosO,
04
0.1
Alfvén modes 102
001 0
-100 -10 -1 -0.1 -0.01
C
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triggered by differential rotation of the proto-neutron star

leading to field amplification, turbulence and transport of
angular momentum

physical issues

« properties of MRI in SNe and interplay with
explosion dynamics (see Moiseenko’s talk)



* Magneto-rotational instability (MRI)

B-field growth in PNS and CC-SNe

« field amplification by

e Convection

mode analysis and local
modelling

(Obergaulinger, Cerda-Duran, Mdller, Aloy 2009)

Q cosO,
0.1

0.01
-100

Stable modes

Alfvén modes

-10 -1 0.1
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triggered by differential rotation of the proto-neutron star

leading to field amplification, turbulence and transport of
angular momentum

physical issues
» properties of MRI in SNe and interplay with

explosion dynamics (see Moiseenko’s talk)
« saturation strength:

» depends on the development of parasitic
instabilities flow-driven (e.g., KH) and current-
driven (e.g., tearing modes), feeding off the
MRI channel flows.



* Magneto-rotational instability (MRI)

B-field growth in PNS and CC-SNe

« field amplification by

e Convection

mode analysis and local

modelling
(Obergaulinger, Cerda-Duran, Mdller, Aloy 2009)

Q cosO,

Stable modes

Buoyant
modes
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triggered by differential rotation of the proto-neutron star

leading to field amplification, turbulence and transport of
angular momentum

physical issues

« properties of MRI in SNe and interplay with
explosion dynamics (see Moiseenko’s talk)

« saturation strength:

» depends on the development of parasitic
instabilities flow-driven (e.g., KH) and current-
driven (e.g., tearing modes), feeding off the
MRI channel flows.

|B|Max ~10"° G if secondary growth of channel
flows

Otherwise, |B|™2* ~10'* G, when LOCALLY

emag ~01x ekin¢ ) (Obergaulinger, et al. 2009)



B-field growth in PNS and CC-SNe

« field lification b - : i i
'eld ampiification by - triggered by differential rotation of the proto-neutron star

* Magneto-rotational instability (MRI)

. Convection » leading to field amplification, turbulence and transport of

angular momentum
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B-field growth in PNS and CC-SNe

« field amplification b : : . :
4 4 « triggered by differential rotation of the proto-neutron star
* Magneto-rotational instability (MRI)

. « leading to field amplification, turbulence and transport of
angular momentum
closure relations e numerical issues(see: e.g., Obergaulinger et al. 2009)
Oserns + Ver ¥ =T ri€sns — Dpar€par « modes of short wavelength dominate MRI:
Bvepar + Vepar® = Cpar€par — Edis very fine grid resolution required (~10 m)
* huge parameter space

« apropriate closure modelling of turbulence
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B-field growth in PNS and CC-SNe

« field amplification b : : . :
4 4 « triggered by differential rotation of the proto-neutron star
* Magneto-rotational instability (MRI)

. « leading to field amplification, turbulence and transport of
angular momentum
closure relations e numerical issues(see: e.g., Obergaulinger et al. 2009)

« modes of short wavelength dominate MRI:
very fine grid resolution required (~10 m)

* huge parameter space

« apropriate closure modelling of turbulence

8t€MRI + veMRI

at epa'r + vepar

v = FJ\IRIeMRI - FPGT’GPGT
U

- Fpa'r‘epar — Edis

« approach: combine local and global modelling, using
numerical techniques of a very high order of accuracy
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B-field growth in PNS and CC-SNe

« field amplification by

* Magneto-rotational instability (MRI)
» Convection

closure relations

8t6MRI + VeMRIU = FJWRIGMRI - Fparepar

atepar + Veparv - Fpm'epar — Edis

L+

global modelling
(up to 9" order)

coa e

Obergaulinger, Aloy & Miiller (2006)

22.34 24.71 27.07 29.44 31.80
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triggered by differential rotation of the proto-neutron star

leading to field amplification, turbulence and transport of
angular momentum
numerical issues(see, e.g., Obergaulinger et al. 2009)
« modes of short wavelength dominate MRI:
very fine grid resolution required (~10 m)

* huge parameter space
« apropriate closure modelling of turbulence

approach: combine local and global modelling, using
numerical techniques of a very high order of accuracy

goal: a simple description of the saturation of the MRI as
a sub-grid model in global simulation

Cerda-Duran et al. (2008)

logh, /P



Observational signature of GRB
jetS Meszaros (2002)

A

Progenitor
(massn star)
External

Internal shocxs

Gamma-ray

burst Afterglow

107 cm 10"%cm 103 cm 10" cm
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Observational signature of GRB
jetS Meszaros (2002)

Progenitor
(massn star)

External

Internal shocks |

Gamma-ray
burst

Afterglow

107 cm 10"%cm 103 cm 10" cm
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Observational signature of GRB jets

How are |ISs produced?

The internal shock scenario (Rees & Mészaros 1994, Spada et al.
2001) is used to explain both blazars and the GRB prompt phase.

An intermittently working
Iy € | central engine ejects shells
th diff oci
(L_) with different velocity
0

ova vy v faster shells collide with the

—_—> —> —_ 9 slower ones (Lcon) and
FaVa s produce internal shocks

N > particles are accelerated at

9 relativistic shocks and
produce the non-thermal

Magnetic dissipation has been typically ignored as source of energy radiation (dISSIDate the

see, however, Romanova & Lovelace 1992; Sikora et al. 2005; relative kinetic energy)
McKiney & Uzdensky 2012

\
Lcon = 211210 ’
y.
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Observational signature of GRB jets

Internal shocks (l): cold shells

A forward and a reverse shock form always (Sari & Piran 1995).
e Reverse shock (RS): compresses the faster shell and decelerates it.
e Forward shock (FS): compresses and sweeps the slower shell.

shocked
fast shell

The dynamical efficiency of
the collision depends on the
relative velocity of the shells.

slow shell

shocked
slow shell *

RS FS radius

fast shell

density
contact discontinuity
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Observational signature of GRB jets

Internal shocks (Il): magnetized shells

Differently from non-magnetized shells, if the ma% netization is large
enough, a forward rarefaction (FR) rather than a FS forms (Mimica,
Aloy Muiller 2007).

small o large o

CD CD

fast (L)
shell

. =

~SCS- —SCR-
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Observational signature of GRB jets

Internal shocks (lll): magnetized shells

The dynamical efficiency in collisions of strongly magnetized shells has been
assessed by Mimica & Aloy (2010). They can induce reconnection & turbulence
(Zhang & Yan 2011)

(Tr=10, Ag=1)
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Observational signature of GRB jets

Internal shocks (lll): magnetized shells

The dynamical efficiency in collisions of strongly magnetized shells has been
assessed by Mimica & Aloy (2010). They can induce reconnection & turbulence
(Zhang & Yan 2011)

= Maximum &: moderately magnetized
slower shells (or = 0.2) and highly
magnetized fast shells (oL = 1).

-6 A
-6 -4
(I'r=10, Ag=1)
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Observational signature of GRB jets

Internal shocks (lll): magnetized shells

The dynamical efficiency in collisions of strongly magnetized shells has been
assessed by Mimica & Aloy (2010). They can induce reconnection & turbulence
(Zhang & Yan 2011)

= Maximum &: moderately magnetized
slower shells (or = 0.2) and highly
magnetized fast shells (oL = 1).

= Broad region independent of oL
because in a collision with such a
highly magnetized fast shell almost
all the energy is dissipated by the FS.
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Observational signature of GRB jets

Internal shocks (lll): magnetized shells

The dynamical efficiency in collisions of strongly magnetized shells has been
assessed by Mimica & Aloy (2010). They can induce reconnection & turbulence
(Zhang & Yan 2011)

= Maximum &: moderately magnetized
slower shells (or = 0.2) and highly
magnetized fast shells (oL = 1).

= Broad region independent of oL
because in a collision with such a
highly magnetized fast shell almost
all the energy is dissipated by the FS.

= No FS: only the RS dissipates the
initial energy (¢ slightly drops).
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Observational signature of GRB jets

Internal shocks (lll): magnetized shells

The dynamical efficiency in collisions of strongly magnetized shells has been
assessed by Mimica & Aloy (2010). They can induce reconnection & turbulence
(Zhang & Yan 2011)

= Maximum &: moderately magnetized
slower shells (or = 0.2) and highly
magnetized fast shells (oL = 1).

= Broad region independent of oL
because in a collision with such a
highly magnetized fast shell almost
all the energy is dissipated by the FS.

= No FS: only the RS dissipates the
initial energy (¢ slightly drops).

= The transition between the regime
where the two shocks operate or only
the RS exists is smooth, becase near
the transition region the energy is
mostly dissipated by the RS.
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Observational signature of GRB jets

Internal shocks (lll): magnetized shells

The dynamical efficiency in collisions of strongly magnetized shells has been
assessed by Mimica & Aloy (2010). They can induce reconnection & turbulence
(Zhang & Yan 2011)

= Maximum &: moderately magnetized
slower shells (or = 0.2) and highly
magnetized fast shells (oL = 1).

= Broad region independent of oL
because in a collision with such a
highly magnetized fast shell almost
all the energy is dissipated by the FS.

= No FS: only the RS dissipates the
initial energy (¢ slightly drops).

= The transition between the regime
where the two shocks operate or only
the RS exists is smooth, becase near
the transition region the energy is
mostly dissipated by the RS.
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Observational signature of GRB jets

Afterglow dynamics
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Observational signature of GRB jets

Afterglow dynamics

e Simulations of jet dynamics during the AG are usually done separately from
the earlier stages, because of the huge dynamical range.
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Observational signature of GRB jets

Afterglow dynamics

e Simulations of jet dynamics during the AG are usually done separately from
the earlier stages, because of the huge dynamical range.

e Typically: initial conditions for the GRB jet during the AG are a conical wedge
of half-opening angle 6o taken out of the spherical BM solution.

De Cole et al. (2012)

¢.05 0.10 0.15 0.20 0.25 . - 0.20 0.30 0.10 0.20 0.30 0.40 0.50
R (x10"18 cm) R (x10"18 cm) R (x10"18 cm)
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Observational signature of GRB jets

Afterglow dynamics

e Simulations of jet dynamics during the AG are usually done separately from
the earlier stages, because of the huge dynamical range.

e Typically: initial conditions for the GRB jet during the AG are a conical wedge
of half-opening angle 6o taken out of the spherical BM solution.

e Since the angular size of regions that are casually connected in the lateral
direction is ~1/I", a BM wedge should not evolve significantly while I" » 1/6¢

= |f ' » 1/69 = the evolution is insensitive to the choice of I'y

De Cole et al. (2012)

0.01000
5 05 B\10.0.15 .0.20°0.25 0.3, e aaaa olsel GG T0.90 82307 0,40 0.0
R (x10"18 cm R (x10°18 c R (x10"18 cm
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Observational signature of GRB jets

Afterglow dynamics

e Simulations of jet dynamics during the AG are usually done separately from
the earlier stages, because of the huge dynamical range.

e Typically: initial conditions for the GRB jet during the AG are a conical wedge
of half-opening angle 6o taken out of the spherical BM solution.

e Since the angular size of regions that are casually connected in the lateral
direction is ~1/T, a BM wedge should not evolve significantly while " > 1/6o

= |f ' » 1/69 = the evolution is insensitive to the choice of I'y

e Jet simulations of the
AG emlSSlon(GranOt et al.
2001) have been
extended to well
within the non-
relativistic stage using R

AM R(e.g., Zhang
MacFadyen 2009; van Eerten et

al. 2010; Wygoda et al. 2011; van
Eerten & MacFadyen 2011; De
Colle et al. 2012).

De Cole et al. (2012)

0.05 0.10 0.15 0.20 0.25 0.30 0.10 0.20 0.30 0.10 0.20 0.30 0.40 0.50
R (x10"18 cm) R (x10"18 cm) R (x10"18 cm)
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Observational signature of GRB jets

Afterglow dynamics
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Observational signature of GRB jets

Afterglow dynamics

Main results:
» Lateral expansion: slower than expected analytically.

analytic: 6=6oexp][(t-to)/tsnt]

1000 10000
Time (day)

Zhang & MacFadyen (2009)
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Observational signature of GRB jets

Afterglow dynamics

Time (obs): 63.3 (hours) Density

Main results: i’?fﬁ?ﬁfﬁl
» Lateral expansion: slower than expected analytically. joco-cz

1.04e-04

* |nstability of the shock front for I'>15.

s
Time (local: 196. (days)
Time (obs): 12.9 (hours) i

4.00e-01
i&ODefD]

- . 2.00e-01

' ;‘l“ - 1.00e-01
«

~ -

1.37e-05

analytic: 6=6oexp][(t-to)/tsnt]

l,"~
. l"‘ .

Eal
Timedocab: 105. (days)
Time (obs): 7.68 (hours) Degshy
4.00e-01
i&ODe—D]
- 2.00e-01
1.00e-01

/

S— 1.370-05

L.
-

Meliani & Keppens (2010)

kg

Timedocal: 66.9 days)

Time (0bs):5.05 (hours) Degsity
4.00e-01
i&ODe—D]
2.00e-01
1.00e-01

1.37e-05

1000 10000
Time (day)

Lo«
Zhang & MaCFadyen (2009) Timedocab: 56.5 (days)
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Observational signature of GRB jets

Afterglow dynamics

Main results: -

20 light days
19 light days \ |
9 ight days

» Magnetic fields affect the jet dynamics '
(deceleration) and (synch.) emission.

e From 1D models we get:

e the late evolution of strongly RMHD  res-magnetzed sttergiow
shells resembles that of HD shells

* the magnetization is key in the onset
of the FS emission.

Sy
ry Tt
ssive '""." ' l
‘ Y '
L L LLS i
L .
magnetized afterglow

s

Mimica et al. (2009, 2010)

uniform CBM
) Mimica & Giannios (2011)
rate star realistic CBM
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Observational signature of GRB jets

Early afterglow

Long standing issue: do afterglows result from magnetized or
unmagnetized ejecta sweeping the interstellar medium (ISM)?.
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Observational signature of GRB jets

Early afterglow

Long standing issue: do afterglows result from magnetized or
unmagnetized ejecta sweeping the interstellar medium (ISM)?.

Our simulations have
quantified which is the

fast B
ejecta

approximate magnetization
of the ejecta (0o) to allow
for the production of a
reverse shock, which may
accelerate particles, whose
optical emission (optical
flash) is envisioned to be
the signature of such

shock.
Bg
oo - — A 9
TYopPoC
1/6
£ =0.73 ki
176 A1/2_4/3 0,001 0,01 0,1
0 =12 V2.5 Mimica, Giannios, Aloy (2009)
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Summary and conclusions
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Summary and conclusions

* Numerical simulations of GRB jets

challenging (multiscale + multiphysics problem).

validate our theoretical models of the foremost pieces of the GRB puzzle:
central engine, ultrarelativistic flow, and ejecta long term evolution.

releasing thermal energy an ultrarelativistic outflow can be formed.

the jet collimation depends strongly on an assumed stellar progenitor (pre-
SN) + HD evolution of a fast rotator (rotation law + strength).
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Summary and conclusions

* Numerical simulations of GRB jets

challenging (multiscale + multiphysics problem).

validate our theoretical models of the foremost pieces of the GRB puzzle:
central engine, ultrarelativistic flow, and ejecta long term evolution.

releasing thermal energy an ultrarelativistic outflow can be formed.

the jet collimation depends strongly on an assumed stellar progenitor (pre-
SN) + HD evolution of a fast rotator (rotation law + strength).

» Magnetic fields: with the appropriate topology and strength can launch jets.

 in GRB progenitors is key to shape the dynamics and
Growth observational signature of relativistic outflows.

« happens at the expense of the available kinetic energy.
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Summary and conclusions

* Numerical simulations of GRB jets

challenging (multiscale + multiphysics problem).

validate our theoretical models of the foremost pieces of the GRB puzzle:
central engine, ultrarelativistic flow, and ejecta long term evolution.

releasing thermal energy an ultrarelativistic outflow can be formed.

the jet collimation depends strongly on an assumed stellar progenitor (pre-
SN) + HD evolution of a fast rotator (rotation law + strength).

» Magnetic fields: with the appropriate topology and strength can launch jets.

in GRB progenitors is key to shape the dynamics and

— Growth observational signature of relativistic outflows.
« happens at the expense of the available kinetic energy.
 set by resistive effects and parasitic instabilities.

— Saturation « ;4 ~ exin locally, implying Bmax~101¢ G.

Brms ~ few x 10" G = limited dynamical impact (deceleration of
the shear flow, disruption of KH vortices, launching of outflows).
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Summary and conclusions

* Numerical simulations of GRB jets

challenging (multiscale + multiphysics problem).

validate our theoretical models of the foremost pieces of the GRB puzzle:
central engine, ultrarelativistic flow, and ejecta long term evolution.

releasing thermal energy an ultrarelativistic outflow can be formed.

the jet collimation depends strongly on an assumed stellar progenitor (pre-
SN) + HD evolution of a fast rotator (rotation law + strength).

» Magnetic fields: with the appropriate topology and strength can launch jets.

— Saturation

Growth

in GRB progenitors is key to shape the dynamics and
observational signature of relativistic outflows.

happens at the expense of the available kinetic energy.

set by resistive effects and parasitic instabilities.

€mag ~ €kin locally, implying Bmax~1016 G.

Brms ~ few x 10" G = limited dynamical impact (deceleration of
the shear flow, disruption of KH vortices, launching of outflows).

— Given the high resolution imposed by weak initial fields, a careful treatment
should go beyond the limit of ideal MHD, involving, e.g., the formulation of a
turbulence model for the unresolved magnetic fields + resistive processes.
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