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Introduction

Introduction

E ∼ γ2M(rd )c2 ⇒
rd ∼ 3× 1016

(
E52
γ2

300n0

)1/3
cm.

The afterglow in a “nutshell”:
1 Dynamics:

u = Γv/c & 1/θ0 ⇒
Blandford & McKee
self-similar solution
u � 1⇒ Sedov-Taylor
self-similar solution
u ≈ 1⇒ Numerical
simulations

2 Emission: synchrotron
radiation
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Introduction

Motivation

GRB dynamics strongly depends on the density distribution of the
ambient medium

SN-GRB association implies the GRB should move into a WR
wind
⇒ But see e.g. Schulze et al. 2011

simple analytical scalings do not provide an accurate description
of the afterglow
numerical studies have been limited to the case of a uniform
medium (e.g. Granot et al. 2001, Zhang & MacFadyen 2009)
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Methods

We need to compute:
X The dynamics of the decelerating GRB
X The radiation coming from the decelerating GRB
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Methods

The “SRHD/AMR/MPI” Mezcal code
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Methods

Afterglow radiation calculation

X From synchrotron radiation
⇒ Microphysics of the acceleration and emission processes

parameterized by taking εe = εB = 0.1, p = 2.5.
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Results

1D GRB jets with ρ ∼ r−k

In general: E ∝ Γ2Mv2 ∝ Γ2v2R3−k

⇒ Ls ∼ 1018
(

E52
n0

)1/3
cm

⇒ Γv ≈ R−(3−k)/2.
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Results

1D GRB jets

In general: E ∝ Γ2v2R3−k

E = R3−k Γ2 (cRv2 + cNR(1− v2)
)

⇒ v = v(R)
⇒ R = R(t)

Deceleration to non-relativistic speeds in 1d occurs on scales
much larger than the Sedov length (see van Eerten et al. 2010 for
the k = 0 case)
Lnr increases with k
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Results

How well can we recover the BMK scalings?

Post-shock region of order of Rsh/Γ2 ⇒ simulations are numerical very
challenging

Running SRHD
simulations with not
enough resolution may
give unphysical results!
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Results

2D GRB jets
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Results

jet initialized as a conical wedge
with radial profiles given by the
spherical BMK solution
⇒ transient phase with formation
of an egg-like shape
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Results

1 expansion velocity remains
mainly radial at small angles
and non-relativistic at large
angles

2 lateral expansion increases
with k
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Results

1 swept up external mass⇒
edge of the jet

2 but most of the energy⇒ near
the head of the jet

3 early expansion is faster with
increasing k

4 with increasing k , spherical
symmetry is achieved later

Fabio De Colle (UCSC) GRB Jets Munich, May 2012 15 / 20



Results

Light curves
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Results

Calorimetry
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Results

Summary

Dynamics of the GRB jets are greatly modified by the density
stratification
k = 2 vs k = 0:

1 Faster/slower jet lateral expansion at early/late times
2 Jet break smoother due to the density stratification
3 Counter-jet contribution smaller

calorimetry: error in assuming a spherical flow approximation
depends on the exact observing time and density stratification.
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Results

A more realistic model for a Wolf-Rayet wind
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Results

Advertisement: poster P-III-10 (tomorrow in the astro-ph)

The Propagation of Relativistic Jets Triggered by Tidal Dis-
ruption of Stars in Quiescent Supermassive Black Holes

Fabio De Colle, James Guillochon, Jill Naiman, and Enrico Ramirez-Ruiz
TASC, Department of Astronomy and Astrophysics, University of California, Santa Cruz, CA 95064 USA
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We study the dynamics of jets triggered by the tidal disruption of stars by massive black holes. We analyse in detail the role
played by the external medium in regulating the jet properties and the degree to which the jet dynamics is modified by its energy
injection history.

Introduction and Main Results

Recent observations of the Swift 1644+57/GRB 110328A event have been interpreted as evidence for relativistic jets triggered when an orbiting star is tidally disrupted by a
black hole. We study in detail this model, showing that the dynamics of the jet is regulated by its injection history and by the density stratification of the environment.

We estimate the power of the jet using the mass accretion history onto the black hole, calculated by detailed hydrodynamic simulations of the tidal disruption of stars.

⇒ The dynamical evolution of the jet is the following (see the schematic diagram at the center of the poster):

I The jet initially moves through an optically thick envelope formed by the stellar debris.
II The jet then propagates into a medium shaped by the interaction between winds from massive stars.

III The jet, emerging from the dense stellar core, passes through a region with ρ ∝ r−2 for up to several tens of parsecs.

1. Feeding rates and jet activity following tidal disruption

We use the FLASH hydrodynamics code to follow the disruption of a 1 M�
star by a 106M� black hole with impact parameter β ≡ rt/rp = 2 (where rt
and rp are the tidal and the periastron radius).

⇒ We compute the rate of mass return to the black hole and assume that a
relativistic jet with Lj ∝ ṀBH(t) can be powered as long as ṀBH(t) & ṀEdd.
ṀBH(t) shows a steep increase after the tidal disruption up to a peak Ṁpeak,
and a late drop ∝ t−5/3.

2. Jet Propagation in the Optically Thick Envelope (Region I)

An optically thick envelope (dominated by Thomson opacity and radiation
pressure) forms as a result of the tidal disruption of a star (Loeb & Ulmer
1997), with a density stratification of ρ ∝ r−3.

⇒ A constantly powered jet is launched from the base of the envelope. The
energy deposition by the jet is large enough to completely unbound the
envelope.

3. Jet propagation in the stellar wind region (Regions II-III)

The one-dimensional hydrodynamical equations are solved using the FLASH
code to determine the density stratification, taking in account the mass,
momentum and energy deposited by the winds.

small radii (region II) ρ ∝ r−k with k ≈ 1− 1.5

large radii (region III) ρ ∝ r−2

⇒ The jet is launched from inner boundary of region I. The SRHD equations
are solved using the Mezcal code.

4. On the Nature of Swift 1644+57/GRB 110328A

The information about the t−5/3 decrease in power supply propagates from
the base to the head of the jet produces an appreciable time delay between
the peaks in X-ray emanating near the jet’s origin and the Radio emission
produced at the head of the jet.

Including of a stochastic contribution to the luminosity due to variations in
the feeding rate, we find that our model can explain the X-ray light curve
without invoking a rarely-occurring deep encounter.

⇒ Many of the observed properties of the Swift 1644+57/GRB 110328A
event can be understood as resulting from accretion onto and jets driven by
a 106M� central mass black hole following the disruption of sun-like star.
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Left panel: shown in black are the Newtonian orbital trajectories for a β = 2 encounter. The tidal radius rt for each MBH is shown
by the dotted lines. Right panel: orbital debris 4 hours after pericenter. The contours show constants values of the specific binding
energy to the black hole.
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Propagation of a relativistic jet through the envelope. The jet is initialized at rt = 4.6 × 1013 cm with Γ = 10 and
θ0 = 0.1. A 1014 cm scale bar is indicated in each frame. The hydrodynamic, special relativistic (SRHD) equations
are solved in 2D spherical coordinates by using the Mezcal adaptive mesh refinement code.
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Propagation of a relativistic jet through the sub-parsec region shaped by the interaction of stellar winds from massive
stars. A 1017 cm scale bar is indicated in each frame. The jet is initialized at r0 = 1016 cm with Γ = 5 and θ0 = 0.1,
with a luminosity assumed to follow the mass feeding rate ṀBH(t) for as long as ṀBH(t) & ṀEdd (case a). In case

b, the jet luminosity is halted when ṀBH = Ṁpeak. Cases a and b have been constructed to illustrate the effect of

the ∝ t−5/3 injection phase on the jet dynamics.
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Evolution of the total internal energy available at the working surface for the two cases considered
in Section 3. Also shown (red line) is the cumulative energy injected into the relativistic jet as
a function of time.

The dynamics, appearance and demographics of relativistic jets triggered by tidal disruption of stars in quiescent supermassive black holes
F. De Colle, J. Guillochon, J. Naiman, E. Ramirez-Ruiz ApJ submitted
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