1992 - 2017: 25 years of GRB Physics

Robert Mochkovitch (IAP)

The situation in 1992: one year after Compton GRO was launched Lo
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First models of cosmological GRBs

Problem: sources must be compact (short time scale variability of light curves)
the luminosity is huge: L > 10°! erg.s? (hyper-Eddington)
[ Ishould drive an optically thick wind (“baryonic pollution” problem)

[ ] thermal spectrum contrary to observations (broken power-law)

Possible solution: Nature 361, 236-238 and Elj¢ New ﬂm‘k Cimes
January 26, 1993

Near or Far? Mystery Grows Over Blasts of Gamma Ray

.... Most extragalactic theories draw on ideas advanced earlier by Dr. Bohdan Paczynski of
Princeton University. They posit an event triggered by neutron stars colliding or merging with
each other or with a black hole.

Then there is the problem of how such catastrophes might generate gamma rays and how the
radiation could escape the very maelstrom of its creation.

In what Dr. Rees said is the "most credible mechanism," the energy would initially be in the
form of neutrinos and anti-neutrinos, subatomic particles with little or no mass. When
neutrinos and anti-neutrinos collide, they annihilate each other and emit a barrage of gamma
rays. But this radiation is usually absorbed by clouds of material surrounding the neutron star
or black hole.



Escape Route Theorized

There may, however, be a way out for the gamma rays. Two similar proposals have been
offered, first by Dr. Rees and Dr. Peter Meszaros of Pennsylvania State University last
year and now by a scientific team at the Institute of Astrophysics in Paris (I1AP).

Writing in the current Nature, the IAP team noted that in violent encounters between a
neutron star and a black hole, the cloud of obscuring material would be concentrated
around the "equator" of the system. This could leave a kind of funnel along the system's
axis of rotation through which the gamma rays could escape in a highly directional
column of energy.
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The present picture

relativistic jet
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Some unsettled issues
e source of energy
e acceleration/energy content of the jet: thermal/magnetic?

e where is the energy dissipated?

e dissipation mechanism at work?
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Central object:

* Collapsar or merger ? Black hole or magnetar?

* What is the ultimate source of energy ? accretion,
rotation of the BH/magnetar ?

Extraction of energy and acceleration mechanism:

e vvannihilation, thermal acceleration — hot wind

e Magnetic extraction and acceleration — cold wind

Energy content of the jet: thermal/magnetic — kinetic
— residual thermal/magnetic energy far from the source?
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¢ Dissipation processes

above the photosphere: internal shocks

variable Lorentz factor in the outflow
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e Dissipation processes

above the photosphere: reconnection

o

Magnetic field lines get reorganized in a new
configuration carrying less energy

— the difference is used to accelerate particles
which then emit synchrotron radiation
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e Dissipation processes

below the photosphere: starting from a thermal spectrum

“comptonization” photon energy boosted by collision with e
+ synchrotron contribution

A E2N(E)

Planck — broken PL
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e |s the afterglow simpler ?

It seemed so before Swift...

relativistic generalization of the Sedov-Taylor

(blast wave) problem:
— self-similar solution, power-law behavior

But how to explain the early afterglow ?

plateau and flares do not fit in the picture
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* |ate activity of the central engine ?
e contribution of the reverse shock ?
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Looking for tests to select among the models

Test of the emission radius: the “early steep decay”
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In photopheric models the initial decay must correspond
to an effective behavior of the central engine

(Hascoét, Daigne & Mochkovitch, 2012)


http://www.swift.ac.uk/xrt_curves/00425151/flux.qdp

Test of the magnetization from the presence of shocks

Flares in the early X-ray afterglow
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Conclusion

Since 1992:

We have learned a lot about GRBs

Distance scale (from z = 0.01 (sub-luminous) to z = 8.2)
Progenitors (collapsars/mergers for long/short GRBs)

Emission from a high I jet of opening angle 5 — 20°

Afterglow from the deceleration of the jet by the external medium
X-rays to radio (minutes to years)

French baccalaureat Philosophie 2017: “suffit-il d’observer pour connaitre”

“To know, is it enough to observe?”

So, do we understand them?

Prompt: shocks, reconnection, comptonization at the photosphere
problems with synchrotron spectra
Afterglow: going beyond the simple models (plateaus, flares)

The future

The GW era: GRB + GW signal in coincidence ?
SVOM mission (to be launched in 2021)

broad coverage of the prompt emission

+ localization capabilities



Felipe V: born in Versailles

December 19, 1683 : just 273 years before Margarita !
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Cheers |
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3.5 cL (7 parts) Tequila
Specified ingredients 2 cL (4 parts) Triple Sec
1.5 cL (3 parts) Lime juice

Rub the rim of the glass with the lime
slice to make the salt stick to it. Take care
to moisten only the outer rim and sprinkle
the salt on it. The salt should present to
the lips of the imbiber and never mix into
the cocktail. Shake the other ingredients
with ice, then carefully pour into the
glass.

Preparation
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